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EMERGENCY CONTACT INFORMATION

In the event of a serious adverse event (SAE), the investigator must fax or e-mail the Premier
Research Serious Adverse Event Form within 24 hours to the Premier Research
Pharmacovigilance Department. Applicable fax numbers and e-mail address can be found on the
form (sent under separate cover) and below.

Premier Research SAE Reporting:

US and Canadian sites: fax 215-972-8765, or e-mail GlobalPV-US@premier-research.com
EU/ROW sites: fax +421 2 6820 3713 or e-mail PVDS-ROW @premier-research.com

For all urgent protocol- or safety-related issues during and outside of business hours, the
investigator must contact the Premier Research Medical Monitor:

Cagil Ozen, MD, Medical Director

North America (US and Canada) sites:
Central phone number: +1 512 686 1256 (US)

European and ROW sites:
Central phone number: +44 118 936 4096 (United Kingdom)

For non-emergencies, the Premier Research Medical Monitor may be contacted by e-mail:
medmonitorLUMS501@premier-research.com
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PRODUCT QUALITY COMPLAINTS

Investigators are required to report investigational product quality complaints to Mirum within
24 hours. This includes any instances wherein the quality or performance of a Mirum product
(marketed or investigational) does not meet expectations (eg, inadequate or faulty closure,
product contamination) or that the product did not meet the specifications defined in the
application for the product (eg, wrong product such that the label and contents are different
products). For instructions on reporting AEs related to product complaints, see Section 11.

Please use the information below as applicable to report the Product Quality Complaint:

Origin of Product Quality Complaint E-mail Address
North and South America medinfo@mirumpharma.com
European Union and Rest of World medinfo@mirumpharma.com

Telephone numbers (provided for reference if needed):
Mirum, Menlo Park, CA (USA)

1-650-667-4085
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PROTOCOL AMENDMENT 4.1
Protocol Number: LUMO001-501

Protocol Title: OPEN LABEL STUDY OF THE EFFICACY AND LONG TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 4.1

Date: 08 February 2019

The LUMO0O01-501 protocol is being amended to reflect the change of sponsorship from Lumena
Pharmaceuticals LLC (Lumena Pharmaceuticals LLC is an indirect wholly-owned subsidiary of
Shire North American Group, Inc) to Mirum Pharmaceuticals, Inc.

The following changes have been made to the Protocol Amendment 4 (20 December 2016).
Note that correction of typos and grammatical errors are not captured in the below table.
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New text indicated in bold; deleted text indicated in strikethrough.

Section Description of Change
Cover page, Sponsort; Changed from:
Title Page, Sponsor; Lumena Pharmaceuticals LLC*
Sponsor S; onature ’ 300 Shire Way
f s Onio; Lexington, MA 02421
page, Sp USA
*Lumena Pharmaceuticals LLC is an indirect wholly-
owned subsidiary of Shire North American Group, Inc
To:
Mirum Pharmaceuticals, Inc.
70 Willow Road, Suite 200
Menlo Park, California 94025
USA
Title Page, Medical Changed from:
Lead;
Sponsor Signature Medical Lead: Thomas Jaecklin, MD
page, Sponsor (Mirum) Shire
Approval Zahlerweg 10
6300 Zug
Switzerland
Phone: +41(0) 79 850 77 18
Email: thomas.jaecklin@shire.com
To:
Medical Lead: Thomas Jaecklin, MD, MSc
Mirum Pharmaceuticals AG
Innere Margarethenstrasse 5
4051 Basel
Switzerland
Phone: +41(0) 79 850 77 18
Email: tjaecklin@mirumpharma.com
Changed from:
Sponsor Medical
Monitor: Susanne Schmidt, MD
To:
Medical Monitor: Cagil Ozen, MD

Emergency Contact
Information

Changed the Premier Medical Monitor from Susanne Schmidt to Cagil Ozen.
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Section

Description of Change

Product Quality
Complaints

Changed from:
Origin qf Product Quality E-mail Address
Complaint
North and South America PQC@shire.com
European Union and Rest of World | PQCROW @shire.com
Telephone numbers (provided for reference if needed):
Shire, Lexington, MA (USA)
1-800-828-2088
To:

Origin of Product Quality

Complaint E-mail Address

North and South America medinfo@mirumpharma.com

European Union and Rest of

World medinfo@mirumpharma.com

Telephone numbers (provided for reference if needed):

Mirum, Menlo Park, CA (USA)
1-650-667-4085

10.3 Concomitant
Medications

Changed From: No new medications used to treat pruritus may be added during the

course of the study.

To:

No new medications used to treat pruritus may be added during the
period from Baseline (Day 0) until Week 13 (timepoint for primary
analysis).

Schedule of Procedures
D

Added clarifying footnote regarding baseline reference value for participants re-
entering in Protocol Amendment 3 after dose interruption of > 7 days:

11 For participants re-entering under Protocol Amendment 3, Baseline
laboratory values are considered those collected at re-entry visit DE-2 weeks

Schedule of Procedures
G

Added clarifying footnote regarding baseline reference value for participants re-
entering in Protocol Amendment 4 after dose interruption of > 7 days::

8 For participants re-entering under Protocol Amendment 4, Baseline
laboratory values are considered those collected at re-entry visit PA4 DE-2 weeks
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PROTOCOL AMENDMENT 4
Protocol Number: LUMO001-501

Protocol Title: OPEN LABEL STUDY OF THE EFFICACY AND LONG TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 4

Date: 20 December 2016

The LUMO001-501 protocol is being amended to allow continued participation in the Optional
Follow-Up Treatment Period, beyond what was previously described in Protocol Amendment

3. Study treatment in the Optional Follow-up Treatment Period will continue until the first of the
following occurs: (i) the subjects are eligible to enter another LUMOO01 study or (i) LUMOOL1 is
available commercially.

This amendment also describes the way in which eligible subjects who had previously
discontinued from the study may re-enter and receive study treatment in the optional follow-up
treatment period (After Week 72).

Additional objectives for the Optional Follow-up Treatment Period have been added, as
follows:

e cxploration of a twice daily (BID) dosing regimen and higher daily dosing of LUMO0O1;

¢ identification of genetic indicators of treatment response, including use of exome
sequencing;

e assessment of alpha-fetoprotein (AFP) levels, a marker of hepatocellular carcinoma;

e assessment of the palatability of the LUMO001 formulation in all patients, by-proxy in
patients <4 years old and by patient questionnaire in children >4 years old; and

e an exploratory objective to allow the possibility of analysis of serum markers of
treatment response using metabolomic and proteomic analysis on previously collected
serum samples.

Lastly, this amendment updates the contraceptive requirements to align with the Heads of
Medicine Clinical Trials Facilitation Group Recommendations Related to Contraception and
Pregnancy Testing (http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-

About HMA/Working Groups/CTFG/2014 09 HMA CTFG_Contraception.pdf ).

The following changes have been made to the Protocol Amendment 3 (02 November 2015).
Note that correction of typos and grammatical errors are not captured in the below table.

New text indicated in bold; deleted text indicated in strikethrough.
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Section

Description of Change

Cover page, Sponsor;
Title Page, Sponsor;
Sponsor Signature
page, Sponsor

Changed from:
Lumena Pharmaceuticals LLC
12531 High Bluff Drive, Suite 110
San Diego, CA 92130
USA

To:
Lumena Pharmaceuticals LLC*
300 Shire Way
Lexington, MA 02421
USA

*Lumena Pharmaceuticals LLC is an indirect wholly-owned subsidiary of Shire
North American Group, Inc

Title Page, Medical
Lead;

Sponsor Signature
page, Sponsor (Shire)
Approval

Changed from:
Medical Lead: Beatriz- Caballero- MD
Shire-Human-Genetic Therapies;Ine:
Zahlerweg 10

6300 Zug

Switzerland
Phoner—4H0)41-288-42-30

To:

Medical Lead: Thomas Jaecklin, MD

Shire

Zahlerweg 10

6300 Zug

Switzerland

Phone: +41(0) 79 850 77 18

Email: thomas.jaecklin@shire.com

Emergency Contact
Information

Inserted new page containing emergency contact information for reporting of serious
adverse events (SAEs) to be aligned with Shire protocol template.

Product Quality
Complaints

Inserted new page containing product quality complaint information for reporting of
investigational product quality complaints to be aligned with Shire protocol template.

Synopsis, Objectives;
Section 3, Study
Objectives

Objectives of Optional Follow-up Treatment Period (After Week 72):

. To offer eligible subjects in the LUMO001-501 study continued study treatment
at beyond Week 72 until the first of the following occurs: (i) up the subjects are
eligible to 52-weeks-ofadditional-treatment (Week124);-enter another LUMO001 study
or (ii) in-the-event-that anewstudy-opens-to-enrelment LUMOO01 is available

commercially.

Synopsis, Objectives;

Objectives of Optional Follow-up Treatment Period (After Week 72):

Section 3, Study . To obtain safety and efficacy data in subjects treated long-term on LUMO0O01
Objectives inecluding genotypingcharacteristies:

Synopsis, Objectives; . To explore a twice a day (BID) dosing regimen and higher daily dosing of
Section 3, Study LUMO01.

Objectives
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Section Description of Change
Synopsis, Objectives; . To identify genetic indicators of treatment response, including use of
Section 3, Objectives exome sequencing.
Synopsis, Objectives; . To assess the level of alpha-fetoprotein (AFP), a marker of hepatocellular
Section 3, Study carcinoma.
Objectives
Synopsis, Objectives; . To assess palatability of the LUMO001 formulation.

Synopsis, Objectives;
Section 3, Study
Objectives

Exploratory Objective:

. To allow the possibility of analysis of serum markers of treatment
response using metabolomic and proteomic analysis on previously collected serum
samples.

Synopsis, Study
Design;

Section 5.1, Study
Design

The study is divided into 5 parts: .... and an optional 52-week follow-up treatment
period for eligible subjects who choose to stay on treatment with LUMO0O01.

During this optional follow-up treatment period, subjects may have their dose of
LUMOO01 increased to a maximum of 560 pg/kg/day (280 pg/kg BID), based on
ongoing efficacy (sBA level and ItchRO score) and safety assessment.

Synopsis, Inclusion
Criteria;

Section 7.1, Inclusion
Criteria

5. Males and females of child-bearing potential who are sexually active
females, or are not currently sexually active during the study, but become sexually
active during the period of the study and 30 days following the last dose of study
drug, must be-prepared-to agree and use an-effective-method-(<1% failurerate)of
acceptable contraception during the trial. Effective methods of contraception are
considered-to-be described in Section 8.7.1.

Synopsis, Inclusion
Criteria;

Section 7.3, Exclusion
Criteria

Eligible Subjects for 52-week Optional Follow-up Treatment Period:

Inclusion Criteria
Subjects will be considered eligible for the 52-week Optional Follow-up Treatment
Period if they have meet the following criteria:

1. The subject has either:
. completed the protocol through the Week 72 visit with no major safety
concerns. Subjeets-whe-were-, OR

. discontinued due to safety reasons judged unrelated to relatively

Hefma—l—va—l—btes—fer—t—his—p&t—leﬁt—pep&l—&ﬂeﬂ the study drug, and blood tests have

returned to levels acceptable for this patient population/individual and subject does
not meet any of the protocol s stopplng rules at re- entry Sabjeets—who—halvle

enter—mte—the fol—low—up%e&tment—pemd— [Subjects who were drscontlnued for other
reasons will be considered on an individual basis.]

2. Females of childbearing potential must have a negative urine or serum
pregnancy test (B-hCG) at the time of entry into the optional follow-up treatment
period.

3. Informed consent and assent (per IRB/EC) as appropriate.

Exclusion Criteria
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Section

Description of Change

Subjects will be excluded from the Optional Follow-up Treatment Period if they
meet any of the following criteria:

1. Surgical disruption of the enterohepatic circulation.

2. Investigational drug other than LUMO001, biologic, or medical device
within 30 days prior to re-entry, or 5 half-lives of the study agent, whichever is
longer.

Synopsis, Treatment
Groups;

Section 5.5.2,
Treatment;

Section 10.1, Study
Drug Administration

All subjects will receive LUMO0O01, up to 288 560 pg/kg/day (given as twice-daily doses
of 280 pg/kg) or a maximum daily dose of 20 25 mg/day BID.

Synopsis, Study Drug
Dosage and
Administration;
Section 10.1, Study
Drug Administration

Section 5.5.2,
Treatment

Subjects whe-weigh10-keormere-at-sereening will receive a +-0-mk grape-flavored
solutlon contalnmg LUMOOl S&bjeets—wheﬂefgh—less—th&n—wkgﬂ&t—sereemﬂg—mﬂ

subject dose w111 be admlnlstered m—th%memmg orally once a day (QD) or twice a
day (BID) using the syringe provided. The ﬁrst dose should be taken-atleast 30

3 ed prior to the
first meal of the day and the second dose, where apphcable, should be taken at
least 30 minutes prior to dinner (main evening meal). The doses will not be
administered q12h in order to better cover the luminal bile acid release associated
with dinner and to minimize the risk of disturbing sleep due to the potential for
abdominal pain and diarrhea at night. It is reccommended that the dose should be
taken at approximately the same time every-day-each day for the duration of the
treatment period.

QD Dosing Regimen
For QD dosing, the required dose will be delivered in 0.5 mL volume for subjects
who weigh less than 10 kg and in 1.0 mL for subjects who weigh 10 kg or more.

BID Dosing Regimen

For BID dosing, the required dose is delivered in half the dosing volume: 0.25 mL
BID for subjects who weigh less than 10 kg and 0.50 mL BID for subjects who
weigh 10 kg or more.

For subjects weighing less than 10 kg at study entry, once a weight of 10 kg is
reached while in the study, the subject will be moved from 0.5 mL total daily
dosing volume (0.25 mL BID) to 1.0 mL total daily dosing volume (0.50 mL BID).

Study Drug Dosage
Baseline through Week 72:

For the first 72 weeks of the study, each subject will receive either 1.0 mL or 0.5 mL
of solution containing LUMO0O01 orally as follows, administered as a daily morning
dose:

. Dose Level 1: 14 pg/kg/day.

. Dose Level 2: 35 pg/kg/day.

. Dose Level 3: 70 pg/kg/day.(up-to-amaximum-daiby-dose-of Sme):

. Dose Level 4: 140 pg/kg/day. fap-te-amaximum-daily-dose-of 10me)-

. Dose Level 5: 280 pg/kg/day ~up-te-a-maximum-daily-dose-of 20me).
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Section

Description of Change

Section 5.5.2.4,
Optional Follow-up
Treatment Period
(Post-Week 72)

Synopsis;
Section 5.5.2.3, Long-
term Exposure Period

At Week 72, all subjects will be assessed by the investigator to determine their
w1lhngness and ehglblhty to roll -over into the 0pt10nal follow up treatment perlod

Optional Follow-up Treatment Period (Post-Week 72):

Subjects-whe-are eligible for the optional follow-up treatment period will continue
treatment under dosing scenarios based on whether their LUMO001 dosing will
continue without interruption or interruption of <7 continuous days, or with
interruption >7 days. Eligibility for BID dosing will be determined based on
efficacy as measured by sBA level and ItchRO score.

Subjects who enter the optional follow-up treatment period without LUM001
dosing interruption or with an interruption of <7 continuous days will be dosed in
the following manner:
e Subjects with normal sBA level AND ItchRO score <1.5 will be maintained
at the same dose level and will continue morning dosing only.
e Subjects with sBA level above normal AND/OR ItchRO score >1.5 will
start BID dosing (afternoon dose escalation; ADE) as follows:

o The morning dose will be continued at the same dose level, but the
volume of the morning dose will be reduced by half at the same
time that the afternoon dose is initiated.

o The afternoon dose will be initiated at half the maximum
tolerated morning dose and will continue at this dose for a period
of 4 weeks. If this dose level is tolerated, the afternoon dose then
will be doubled, to a maximum dose 0f280 pg/kg (or up to the
maximum tolerated dose).

o The maximum daily dose will be 280 pg/kg BID, i.e. 560
pg/kg/day(max. 25 mg BID).

B5petkelday)—Subjeets-whe-denet-wishte enter the optlonal follow- -up treatment
period with a LUMO001 dosing interruption of >7 days initially will receive morning
dosing only and will undergo dose escalation (DE) in the following manner:

e The morning dose will be initiated at Dose Level 2 (35 pg/kg) and doubled
in weekly intervals to a maximum dose of 280 pg/kg, or up to the
maximum tolerated dose.

e Once the morning dose of 280 pg/kg or maximum tolerated dose is
achieved, sBA and ItchRO score will be evaluated.

e Subjects with normal sBA AND ItchRO score <1.5 after morning dose
escalation will be maintained at the same dose level and will continue
morning dosing only.

e Subjects with sSBA above normal AND/OR ItchRO score >1.5 will begin
BID dosing (afternoon dose escalation) as outlined above.

Subjects will continue to receive study drug until they are eligible to enter another
LUMO01 study or until LUMO01 is available commercially, whichever occurs first.
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Section

Description of Change

The maximum daily dose will be 280 ug/kg BID, i.e. 560 pg/kg/day (maximum

25 mg). If a subject experiences intolerance (eg, gastrointestinal symptoms such as
diarrhea, abdominal pain, cramping) at any time during the study, the physician
Investigator in consultation with the Sponsor Medical Monitor may lower the dose
for the remainder of the study. If the subject is on a BID dosing regimen, dose
lowering should first be attempted with the afternoon dose.

The sBA value used for determination of ADE eligibility will be the most recent
available value. The ItchRO score used for ADE eligibility will be derived from
the most recent 2 week electronic diary collection period.

Synopsis, Rationale for
Dose and Schedule
Selection

To reduce the risk of loose stools, diarrhea and abdominal pain/cramps in-this-stady-up
to-Week72,the LUMO00I1 doses will be escalated over the-first-a-period of 4-8 weeks.

Desmg—wﬂl—staﬁ—at—l—4 up toa max1mum dose of 280 ug/kg#day—aﬂd—wﬂ-l—then—be

ad-u-LQ—A:t—the—WeeleS—w&t—s&&dydmg— BID (or maximum tolerated dose) The
mormng dose wl-l—be—fuﬁhef is initiated and escalated%e—%%@—ptgﬂeg#day—ller—subjeets

. ] atmentne od-w rs-since-thelast first; the
afternoon dose eilI:UMOOJ—éesmg—V\ﬂ}l—smﬁ—&téé—ugAeg%day— is only initiated and will

then-be-inereased-over-the-first 4-weeksup-to280-netke/day escalated in patients with
elevated sBA level and/or-te-ItchRO >1.5 on-the-maximum-(or maximum-telerated)

morning-dese-starting-at Deose Level 2-(35pne/ke/day).

This escalation regimen is supported by the safety profile observed in completed and

ongoing clinical studies of LUMO001. and-allewsforsubjeets-toreach280-ng/ke/dayor
a-maximam-tolerated-dose-withina4-weekperiod-

Twice daily dosing is used in this study based on the findings of a healthy
volunteers study in adult males (Study SHP625-101), which demonstrated that bile
acid levels in feces increase with escalating doses and twice-daily regimen of
LUMO01 (up to 100 mg QD and 50 mg BID). In this study, subjects who were
randomized to LUMO0O01 treatment received 1 of 4 doses of LUMO001 (10, 20, 50, 100
mg) during 7 days. No titration was used in this study. There was a dose-
dependent increase in total fecal BA excretion. In addition, BID dosing (i.e. 50 mg
BID) led to a further increase in fecal BA excretion as compared to QD dosing (i.e.
100 mg QD). It is therefore hypothesized that twice-daily dosing has the potential
to allow for more complete target engagement throughout the day at the level of
the distal ileum.

The higher dosing level is also supported by favorable results from a juvenile
toxicity study conducted in rats administered LUMO001 for 43 days (PND21
through PND63). As expected for a drug intentionally designed to be minimally
absorbed, systemic LUMO001 exposure was very low and consistent with levels that
were previously determined in several oral gavage studies in adult rats. No adverse
effects were observed on postnatal growth and development of offspring at the
highest doses tested (200 mg/kg/day in males, 1000 mg/kg/day in females). This
study was initiated in juvenile animals at PND21, which from a whole animal
development perspective is typically representative of a 2-year old child. However,
given the fact that LUMO001 is a minimally absorbed drug, of particular
importance is the age at which the GI tract is considered functionally mature. In
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Description of Change

humans this is considered to have occurred by 12 months of age; likewise,
postnatal maturation of the GI tract in rats occurs during the first 3 weeks of life.
Therefore, results from this study can be used to support the dosing levels
proposed here for children 12 months of age and older.

If the subject is on a twice daily dosing regimen, dose reduction should first be
attempted with the afternoon dose. Subjects who were previously down-titrated
may be re-challenged during the long-term exposure period.

Synopsis, Study Visit;
Schedule and
Procedures

Clarified titles of study design schemes and updated figures to reflect the addition of the
extended follow-up treatment period beyond what was previously described in Protocol

Synopsis, Study Visit;
Schedule and
Procedures

Synopsis; Section
8.1.7, Optional
Follow-up Treatment
Period (Post-Week 72)

Amendment 3.

Optional Follow-up Treatment Period (post-Week 72 to-Week124):-):

Subjects who are eligible to roll over on to the follow-up treatment period will continue
to receive study drug at the dose they were receiving at Week 72 forup-to-52-weeks-of

oceursfirst: until the first of the following occurs: (i) the subjects are eligible to
enter another LUMO001 study or (ii) LUMO001 is available commercially. Included
below are schematics describing the flow of study visits within this period.

Figure 2: Optional Follow-up Treatment Period (<7 days from last LUMO001 dose
between Protocol Amendment 2 and Amendment 3)
Applies to the following subject population:
e Subjects who experienced no interruption in LUMO001 dosing, or
interruption <7 days between Protocol Amendment 2 and Protocol
Amendment 3.

New figure added here

Subjects who are eligible to roll over into the follow-up treatment period with no
LUMOO01 dosing interruption or an interruption of <7 days will be-maintained-at-the
same-dese-level initially receive study drug at the dose they were receiving at Week
72. Once Protocol Amendment 4 is implemented at the site, a determination about
Afternoon Dose Escalation (ADE) will be made. The subject then will move to
Figure S or Figure 6, depending on whether they meet criteria for initiating
Afternoon Dose Escalation.

Figure 3: Optional Follow-up Treatment (=7 days from last LUMO001 dose between
Protocol Amendment 2 and Protocol Amendment 3)

Applies to the following subject population:

. Subjects who experienced an interruption in LUMO001 dosing >7 days
between Protocol Amendment 2 and Protocol Amendment 3.

New figure added here
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Description of Change

Once Protocol Amendment 4 is implemented at the site, a determination about
Afternoon Dose Escalation (ADE) will be made. The subject will then move to
Figure S or Figure 6, depending on whether they meet criteria for initiating
Afternoon Dose Escalation.

Figure 4: Optional Follow-up Treatment (=7 days from last LUMO001 dose between
Protocol Amendment 3 and Protocol Amendment 4)

Applies to the following subject population:

e Subjects who experienced an interruption in LUMO001 dosing >7 days
between Protocol Amendment 3 and Protocol Amendment 4.

New figure added here

Subjects with >7 days since last dose of LUMO001 prior to site implementation of
Protocol Amendment 4 will be dose escalated up to 280 pg/kg/day or to the highest
tolerated dose starting at Dose Level 2 (35 pg/kg/day), in a similar fashion as
outlined in Figure 4.
The dose escalation (DE) period will proceed as follows:
e DE Week -2 Clinic Visit: obtain consent for Protocol Amendment 4,
obtain weight and draw labs.
e DE Day 0 Clinic Visit: Investigator evaluates laboratory results, study
drug is dispensed and subject begins at 35 pg/kg/day dose level.
e DE Week 1 Telephone Contact: subject escalates to 70 pg/kg/day dose
level if prior dose level was tolerated.
e DE Week 2 Clinic Visit: subject escalates to 140 pg/kg/day dose level if
prior dose level was tolerated.
e DE Week 3 Telephone Contact: subject escalates to 280 pg/kg/day dose, if
prior dose level was tolerated.
e DE Week 4 Clinic Visit: subject continues in follow-up treatment period at
280 pg/kg/day, or maximum tolerated dose.
e At DE Week 8 Telephone Contact: eligibility for ADE will be assessed.
The subject will then move to Figure 5 or 6, depending on whether they
meet criteria for initiating Afternoon Dose Escalation.

Figure 5: Optional Follow-up Treatment under Protocol Amendment 4, without
Afternoon Dose Escalation (ADE)
Applies to the following subject population:

e Subjects deemed ineligible for ADE.
New figure added here
Subjects Deemed Ineligible for ADE:
Subjects with normal sBA level AND ItchRO score <1.5 will be deemed ineligible
for ADE; such patients will be maintained at the same dose level and will continue
morning dosing only. Subjects will have study activities then repeated in recurring
12-week periods as follows, until study completion or termination:

e Recurring Period Week 4 (i.e., beginning Week 88 or 4 weeks after
consent to Protocol Amendment 4) Telephone Contact: Collection of
concomitant medications and any adverse events.

e Recurring Period Week 8 (e.g., Weeks 92, 104, 116, etc) Telephone
Contact: Collection of concomitant medications and any adverse events.
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e Recurring Period Week 12 (e.g., Weeks 96, 108, 120, etc) Clinic Visit:
Physical exam, body weight and height, vital signs, and blood samples for
clinical laboratory testing, including fasting lipid panel. Blood will also be
collected for determination of fat-soluble vitamins. Urine samples for
clinical laboratory testing will be collected at every visit. ItchRO
compliance will be assessed, the electronic diary will be issued, the
clinician scratch scale will be administered, and the PedsQL questionnaire
will be administered. Additionally, a palatability questionnaire will be
completed. Female subjects who are of childbearing potential will have a
urine pregnancy test prior to dispensing study drug. Study drug
compliance will be assessed and study drug will be dispensed upon
completion of other study procedures.

Figure 6: Optional Follow-up Treatment under Protocol Amendment 4, with
Afternoon Dose Escalation (ADE)
Applies to the following subject population:
e Subjects whose sBA levels have not normalized and/or whose ItchRO
score is >1.5 and therefore qualify for introduction of afternoon dosing.
New figure added here

Subjects deemed eligible for ADE, i.e., who have sBA level above normal AND/OR
ItchRO score >1.5, will begin BID dosing (afternoon dose escalation; ADE) as
follows:

e On ADE Day 0, morning dosing will continue at 280 pg/kg or the
maximum tolerated dose. Dosing must have been stable for >4 weeks
prior to initiation of ADE. The morning dose will be continued at the same
dose level, 280 pg/kg or maximum tolerated dose; however, the volume of
the morning dose will be reduced by half.

e On ADE Day 0, the afternoon dose will be initiated at half the maximum
tolerated morning dose and will continue at this dose level for a period of 4
weeks. If this dose level is tolerated, the afternoon dose then will be
doubled (i.e., at ADE Week 4) to a maximum dose of 280 ng/kg (i.e., up to
a maximum 560 pg/kg/day or maximum tolerated dose).

The following procedures will occur during the ADE period:

e ADE Day 0 Clinic Visit: Physical exam, body weight and height, vital
signs, and blood and urine samples for clinical laboratory testing,
including fasting lipid panel. Blood will also be collected for
determination of fat-soluble vitamins. Plasma sample will be obtained for
LUMO01 PK. The clinician scratch scale and the PedsQL questionnaire
will be administered. Female subjects who are of childbearing potential
will have a urine pregnancy test prior to dispensing study drug. Study
drug compliance will be assessed and study drug will be dispensed upon
completion of other study procedures. Concomitant medications and any
adverse events will be collected.

e ADE Week 1 and Week 2 Telephone Contact: Collection of concomitant
medications and any adverse events. Subject/caregiver will be reminded
of dosing instructions.

e ADE Week 4 Clinic Visit: Physical exam, body weight and height, vital
signs, and blood and urine samples for clinical laboratory testing,
including fasting lipid panel. Blood will also be collected for
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Section 8.1.7 (only, not
synopsis), Optional
Follow-up Treatment
Period (Post-Week 72)

determination of fat-soluble vitamins. Plasma sample will be obtained for
LUMO001 PK. The clinician scratch scale and the PedsQL questionnaire
will be administered. Female subjects who are of childbearing potential
will have a urine pregnancy test prior to dispensing study drug. Study
drug compliance will be assessed and study drug will be dispensed upon
completion of other study procedures. Concomitant medications and any
adverse events will be collected.

e ADE Week 5 and Week 6 Telephone Contact: Collection of concomitant
medications and any adverse events. Subject/caregiver will be reminded
of dosing instructions.

e ADE Week 8 Clinic Visit: Physical exam, body weight and height, vital
signs, and blood and urine samples for clinical laboratory testing,
including fasting lipid panel. Blood will also be collected for
determination of fat-soluble vitamins. Plasma sample will be obtained for
LUMO01 PK. The clinician scratch scale and the PedsQL questionnaire
will be administered. Female subjects who are of childbearing potential
will have a urine pregnancy test prior to dispensing study drug. Study
drug compliance will be assessed and study drug will be dispensed upon
completion of other study procedures. Concomitant medications and any
adverse events will be collected.

Thereafter, subjects will have study activities repeated in recurring 12-week
periods as outlined within Figure 5, until study completion or termination.

If any subject experiences intolerance, the Investigator, in consultation with the Sponsor
Medical Monitor, may lower the dose-te-a-previoushy-telerated-dose at any time during
the entire follow-up treatment period. If the subject is on a twice daily dosing
regimen, dose lowering should first be attempted with the afternoon dose.

During the follow-up treatment period, subjects will return to the clinic every 3 months;
- Weels 8406108120 and124-

At completion of the Follow-up Treatment Period or early discontinuation: a
safety follow-up phone call will be made 30 days after the last dose of study drug.
This call will be made for all subjects who complete the study, as well as any
subject who terminates from the study early. Concomitant medications and
adverse events noted during this phone call will be recorded.

The PedsQL will be administered at DE Day 0 (for subjects requiring dose escalation)
and at Weeks 84, 96, 108, 120, and124- every clinic visit within each recurring 12-
week period, and at the EOT visit. Additionally, it will be collected at Protocol
Amendment 4 DE Day 0, ADE Day 0, ADE Week 4, and ADE Week 8. The Patient
and Caregiver Impression of Change (PIC & CIC), and the Caregiver Global
Therapeutic Benefit assessments will be completed at Weeks 108, 120, and +24-the
EOT visit.

Subjects/caregivers will receive follow-up phone calls at Weeks 80, 88, 92, 100, 104,
112, and 116, and twice within each recurring 12-week period. and every 3 months
hence for the subsequent visits.

Twice daily completion of the electronic diary will be required by caregivers and age
appropriate subjects during the 2 weeks following the Week 84, 96, 108, and 120 clinic
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visits. , at Protocol Amendment 4 DE Week 4, and every clinic visits (not including
the EOT visit). visit within each recurring 12-week period.

With the exception of the Week120-and-Week124 EOT visit-(StudyFermination),,
additional study drug will be supplied at each clinic visit during the follow-up treatment
period. Used and unused study drug will be collected at the-Week124every visit.

Subjects will be encouraged to complete all study activities and visits. Any subject
who withdraws from the study prior to completion of all treatment period clinic
visits should undergo the following assessments as outlined for the End of
Treatment/Early Termination visit: Physical exam, body weight and height, vital
signs, and blood and urine samples for clinical laboratory testing, including fasting
lipid panel. Blood will also be collected for determination of fat-soluble vitamins
and AFP. Female subjects who are of childbearing potential will have a urine
pregnancy test. Study drug compliance will be assessed. Concomitant medications
and adverse events will be collected. The ItchRO, the clinician administered
pruritus scale, the PedsQL, the Patient Impression of Change, the Caregiver
Impression of Change, and the Caregiver Global Therapeutic Benefit assessments,
and palatability questionnaire also will be completed.

At completion of the Follow-up Treatment Period or early discontinuation: a
safety follow-up phone call will be made 30 days after the last dose of study drug.
This call will be made for all subjects who complete the study, as well as any
subject who terminates from the study early. Concomitant medications and
adverse events noted during this phone call will be recorded.

Synopsis, Drug Level
Evaluations;

Section 8.1.7, Optional
Follow-up Treatment
Period (Post-Week 72)

United States: ... At all other blood draws, blood will be drawn approximately 4 hours
post desingfor-druglevelanalysis—=morning dosing for drug level analysis.
Additionally, for subjects in which afternoon dose escalation is initiated, samples
will also be drawn at ADE Day 0, ADE Week 4, ADE Week 8, and at the three
scheduled clinic visits following completion of the ADE period.

United Kingdom, Europe and Australia: ... At all other blood draws, blood will be
drawn approximately 4 hours post desingfor-druglevelanalysissmorning dosing for
drug level analysis. Additionally, for subjects in which afternoon dose escalation is
initiated, samples will also be drawn at ADE Day 0, ADE Week 4, ADE Week 8,
and at the three scheduled clinic visits following completion of the ADE period.

Synopsis, Safety
Evaluations;
Section 12.2.4.1,
Safety Assessments

e  C(linical laboratory results, including alpha-fetoprotein (AFP) as a screening
for hepatocellular carcinoma.

Synopsis, Efficacy
Evaluations;
Section 12.2.9.1,
Efficacy Variables

The main focus for the analyses of efficacy is the period from Baseline (Day 0) to Week
13. The period from Baseline (Day 0) to-Week48 EOT will be analysed analyzed.

Fhe-Primary efficacy-evaluation-will be-mean-endpoint:

o Fasting serum bile acid level change from Baseline / (Day 0) to Week 13
Secondary-evaluationsfor-cfficacy will-inelude-the-mean-change-from Baseline/ Day-0
to-Week13-in endpoints:

e  Alanine aminotransferase (ALT) and bilirubin (total and direct).) change from

Baseline (Day 0) to Week 13.

e  Pruritus as measured by ItchRO (Observer ItchRO/patient ItchRO). change
from Baseline (Day 0) to Week 13. (For each subject, the average daily score
will be calculated using the 7 days pre-treatment for Baseline / Day 0, and the
last 7 days of treatment for Week 13.)
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Exploratory efficacy endpoints:

Change from Baseline (Day 0) in fasting serum bile acid level at Weeks 4, 8,
24,36, 48 60, 72, 84, 96, 108, 120,-and124 every three months thereafter,
and at the End of Treatment (EOT) visit.

Change from Baseline (Day 0) in pruritus as measured by the average daily
ItchRO (Observer ItchRO/patient ItchRO) at Weeks 4, 8, 28, 48, 86, 98, 110,
and122. 122, and every three months thereafter.

Change from Baseline (Day 0) for ALT, and bilirubin (total and direct) at
Weeks 4, 8, 24, 36, 48, 60, 72, 84, 96, 108, 120,-and124 every three months
thereafter, and at the EOT visit.

Change from Baseline (Day 0) for other biochemical markers of cholestasis
[total cholesterol, low-density lipoprotein cholesterol (LDL-C)] at Weeks 4, 8,
13, 24, 36, 48, 60, 72, 84, 96, 108, 120, and124-every three months
thereafter, and at the EOT visit.

Responder analysis: pruritus response rates as measured by ItchRO (Observer
ItchRO/patient ItchRO) at Weeks 4, 8, 13, 28, 48, 86, 98, 110, and122 122,
and every three months thereafter, up to but not including the EOT visit.
Change from Baseline (Day 0) in the Clinician Scratch Scale, at Weeks 2, 4, 8,
13, 24, 36, 48, 60, 72, 84, 96, 108, 120, and+24-every three months
thereafter, and at the EOT visit.

Change from Baseline (Day 0) in bile acid synthesis [serum 70-hydroxy-4-
cholesten-3-one (70C4)] at Weeks 4, 8, 13, 24, 36, 48, 60, 72, 84, 96, 108, 120,
and124 every three months thereafter, and at the EOT visit.

Change from Baseline (Day 0) for PedsQL at Weeks 13, 24, 48, 72, 84, 96,
108, 120, and124 every three months thereafter, and at the EOT visit.
Patient Impression of Change (PIC) at Weeks 13, 48, 72, 108, 120,-and324 the
EOT visit.

Caregiver Impression of Change (CIC) at Weeks 13, 48, 72, 108, 120, and324
the EOT visit.

Caregiver Global Therapeutic Benefit (CGTB) assessment at Weeks 13, 48, 72;

In-addition. the followi ats ‘ ored:

Change from Baseline (Day 0) for other biochemical markers [autotaxin and
lysophosphatidic acid (LPA)] at Weeks 4, 8, 13, 36, 48, 60, 72, 84, 96, 108,
120, and424-every three months thereafter, and at the EOT visit.

Change from Baseline (Day 0) for measures of bile acid synthesis (FGF-19 and
FGF-21) at Weeks 4, 8, 13, 36, 48, 60, 72, 84, 96, 108, 120,-and124-every
three months thereafter, and at the EOT visit.
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For subjects entering the S2-week-optional follow-up treatment period with >7 days
since last dose of LUMOO01, any of the above evaluations may also occur at clinic visits
during the DE period.

Synopsis, Interim
Analyses;

Section 12.2.7, Interim
Analyses

FweThe following interim analyses are planned.

A third interim analysis will be performed after all enrolled subjects have
completed at least 6 months of treatment under Protocol Amendment 4 (or the
Early Termination visit). This analysis will provide an assessment of the long-term
safety and efficacy of LUMO001. Subsequent interim analyses will be performed in
yearly intervals.

Synopsis, Exploratory
Genetic Analyses;
Section 12.2.10,
Exploratory Genetic
Analyses

To better understand the role of genetics in treatment response, an additional
blood sample will be taken for exome sequencing. The data analysis will focus
initially on genetic variation in candidate genes that may have a role in treatment
response, such as ASBT/SLC10A2 and genes in its pathway (ie upstream or
downstream of ASBT/SLC10A2) and genes implicated in PFIC (ATP8B1, ABCBI11
and ABCB4) with the goal of identifying genetic variation that may discriminate
treatment responders from non-responders. Following examination of candidate
genes, the data analysis may be expanded to evaluate genetic variation in
additional regions of the exome. This genetic analysis is more comprehensive and
may provide valuable information beyond the ATP8B1 and ABCBI11 genes. The
submission of this blood sample is voluntary. The results of this analysis may
identify relevant genetic variants, only some of which will be of known clinical
benefit.

Synopsis, Exploratory
Responder Analyses —
Metabolomic and
Proteomic
Investigations;
Section 8.6,
Metabolomic and
Proteomic
Investigations;
Section 12.2.11,
Exploratory Responder
Analyses
(Metabolomic and
Proteomic
Investigations)

As part of a comprehensive approach to identify serum markers in PFIC patients
that respond well to treatment, previously collected serum samples will be
analyzed using both metabolomic and proteomic biomarker discovery approaches.
Metabolomics addresses the activity of small molecules (<10 kDa) produced by
active and living cells during their life cycle. These molecules are not accessible by
genomic, transcriptomic or proteomic approaches. Metabolomics monitors the
chemical transformations in metabolic cascades and can be used to identify
observable differences between patient populations. A targeted mass spectrometry
proteomic approach will allow for the identification and quantitation of greater
than 150 unique proteins in each serum sample. Serum samples from both
responding and non-responding patients will be analyzed in both biomarker
discovery platforms and the data will be evaluated for potential markers that can
significantly delineate responders from non-responders.

Synopsis, Palatability
Data;

Section 8.5.7,
Palatability;

Section 12.2.12,
Palatability Analyses

Section 16.11,
Palatability
Questionnaire

Palatability data will be collected at each clinic visit in the follow up treatment
period, with the exception of the DE and ADE visits. A palatability questionnaire
will be completed by the subject and/or caregiver (dependent on age).

Added palatability questionnaire

Synopsis, Statistical
Considerations

Safety measures including AEs, clinical laboratory tests, vital signs, physical exams,
and concomitant medication usage will be summarized descriptively by study phase
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Section 12, Statistical (Weeks 0-13, 14-48, 49-72, 73-124) and over the entire study duration (Weeks 0-72, 8-
Considerations 1240-EOT Visit).

Section 4.4.1.3, As expected for a drug intentionally designed to work-in-the-intestinal lumen-and-to be
Toxicology minimally absorbed, LUMO001 exposure was very low and consistent with levels

observed in adult rats.

The higher dosing level implemented with Protocol Amendment 4 is supported by
favorable results from a juvenile toxicity study conducted in rats administered
LUMO01 for 43 days (PND21 through PND63). As expected for a drug
intentionally designed to be minimally absorbed, systemic LUMO001 exposure was
very low and consistent with levels that were previously determined in several oral
gavage studies in adult rats. No adverse effects were observed on postnatal growth
and development of offspring at the highest doses tested (200 mg/kg/day in males,
1000 mg/kg/day in females). This study was initiated in juvenile animals at
PND21, which from a whole animal development perspective is typically
representative of a 2-year old child. However, given the fact that LUMO0O01 is a
minimally absorbed drug, of particular importance is the age at which the GI tract
is considered functionally mature. In humans this is considered to have occurred
by 12 months of age; likewise, postnatal maturation of the GI tract in rats occurs
during the first 3 weeks of life. Therefore, results from this study can be used to
support the dosing levels proposed here for children 12 months of age and older.

Section 4.5, Rationale
for Dose and Schedule
of Administration

Updated Sample Daily Exposure (mg/day) in Pediatric Subjects table.

To reduce the risk of loose stools and diarrhea in subjects in study LUM001-501,
the LUMO001 doses will be escalated over a period of 4-8 weeks up to a maximum
dose of 280 pg/kg BID (or maximum tolerated dose). For BID dosing, the morning
dose is initiated and escalated first; the afternoon dose is only initiated and
escalated in patients with elevated sBA and/or ItchRO >1.5 on the maximum (or
maximum tolerated) morning dose. This escalation regimen is supported by the
safety profile observed in completed and ongoing clinical studies of LUMO01.

Twice-daily dosing is used in this study based on the findings of a healthy
volunteers study in adult males (Study SHP625-101), which demonstrated that bile
acid levels in feces increase with escalating doses and twice-daily regimen of
LUMO01 (up to 100 mg QD and 50 mg BID). In this study, subjects who were
randomized to LUMO001 treatment, received 1 of 4 doses of LUMO001 (10, 20, 50,
100 mg) during 7 days. No titration was used in this study. There was a dose-
dependent increase in total fecal BA excretion. In addition, BID dosing (i.e. 50 mg
BID) led to a further increase in fecal BA excretion as compared to QD dosing (i.e.
100 mg QD). It is therefore hypothesized that twice-daily dosing has the potential
to allow for more complete target engagement throughout the day at the level of
the distal ileum.

The higher dosing level is also supported by favorable results from a juvenile
toxicity study conducted in rats administered LUMO001 for 43 days (PND21
through PND63). As expected for a drug intentionally designed to be minimally
absorbed, systemic LUMO001 exposure was very low and consistent with levels that
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were previously determined in several oral gavage studies in adult rats. No
adverse effects were observed on postnatal growth and development of offspring at
the highest doses tested (200 mg/kg/day in males, 1000 mg/kg/day in females). This
study was initiated in juvenile animals at PND21, which from a whole animal
development perspective, is typically representative of a 2-year old child.
However, given the fact that LUMO001 is a minimally absorbed drug, of particular
importance is the age at which the GI tract is considered functionally mature. In
humans this is considered to have occurred by 12 months of age; likewise,
postnatal maturation of the GI tract in rats occurs during the first 3 weeks of life.
Therefore, results from this study can be used to support the dosing levels
proposed here for children 12 months of age and older.

Section 5.1, Study
Design

The study is divided into 5 parts: ... and an optional-52-week follow-up treatment
period for eligible subjects who choose to stay on treatment with LUMOO1. During the
optional follow-up treatment period, subjects may be eligible for BID dosing based
on efficacy as measured by sBA level and ItchRO score, and may have their dose of
LUMO01 increased to a maximum of 560 pg/kg/day (280 pg/kg BID). Subjects’
participation in the optional follow-up treatment period will continue until the first of
the following ecetr:—i)-completion-of-52-weeks-otadditional-treatment-or-i-inthe-event
occurs: (i) subjects are eligible to
enter another LUMO001 study or (ii) LUMOO01 is available commercially.
A second interim analysis will be performed after all evaluable subjects have
completed the Week 48 (or Early Termination) study visit. A third interim analysis
will be performed after all enrolled subjects have completed at least 6 months of
treatment under Protocol Amendment 4 (or the Early Termination visit).
Subsequent interim analyses will be performed in yearly intervals. See Section
12.2.7 for additional information.

Section 5.5.2,
Treatment

Subjects who are eligible to participate in the optional follow-up treatment period
will be dosed according to the LUMO001 dosing scenarios described in Section 10.1,
and may be eligible for BID dosing based on efficacy, as assessed by sBA level and
ItchRO score. The sBA value used for determination of ADE eligibility will be the
most recent available value. The ItchRO score used for ADE eligibility will be
derived from the most recent 2-week electronic diary collection period.

Section 5.5.2.3, Long-
term Exposure Period

However, if a subject experiences intolerance due to gastrointestinal symptoms, the
investigator, in consultation with the Sponsor Medical Monitor, may lower the dose-te-a

previoushy-tolerated-dose—for the remainder of the study.

During the long-term exposure period, the dose may be adjusted to account for a
change of >10% in weight since the screening visit (e.g. the amount of drug dosed
may be increased to reflect the subject’s weight increase).

Section 5.5.2.4,
Optional Follow-up
Treatment Period

Subjects eligible for the optional follow-up treatment period will continue
treatment under dosing scenarios based on whether:

-Their LUMO001 dosing will continue without interruption or interruption of <7
continuous days, or

-Their LUMO001 dosing will continue with interruption >7 days.
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Eligibility for BID dosing will be determined based on efficacy as measured by sBA
level and ItchRO score.
Subjects who enter the optional follow-up treatment period without LUM001
dosing interruption or with an interruption of <7 continuous days will be dosed in
the following manner:
¢ Subjects with normal sBA level AND ItchRO score <1.5 will be
maintained at the same dose level and will continue morning dosing only.
e Subjects with sBA level above normal AND/OR ItchRO score >1.5 will
start BID dosing (afternoon dose escalation; ADE) as follows:
— The morning dose will be continued at the same dose level, but the
volume of the morning dose will be reduced by half at the same
time that the afternoon dose is initiated.
— The afternoon dose will be initiated at half the maximum tolerated
morning dose and will continue at this dose for a period of 4 weeks.
If this dose level is tolerated, the afternoon dose then will be
doubled, to a maximum dose of 280 pg/kg (or up to the maximum
tolerated dose).
— The maximum daily dose will be 280 png/kg BID, i.e. 560 pg/kg/day
(max. 25 mg BID).

Subjects who enter the optional follow-up treatment period with a LUMO001 dosing
interruption of >7 days initially will receive morning dosing only and will undergo
dose escalation (DE) in the following manner:

e The morning dose will be initiated at Dose Level 2 (35 pg/kg) and doubled
in weekly intervals to a maximum dose of 280 pg/kg , or up to the
maximum tolerated dose.

e Once the morning dose of 280 pg/kg or maximum tolerated dose is
achieved, sBA and ItchRO score will be evaluated.

e  Subjects with normal sBA AND ItchRO score <1.5 after morning dose
escalation will be maintained at the same dose level and will continue
morning dosing only.

e Subjects with sBA above normal AND/OR ItchRO score >1.5 will begin
BID dosing (afternoon dose escalation) as outlined above.

Subjects will continue to receive study drug until they are eligible to enter another
LUMO001 study or until LUMOO01 is available commercially, whichever occurs first.
The maximum daily dose will be 280 pg/kg BID, i.e. 560 pg/kg/day (maximum 25
mg). If a subject experiences intolerance (eg, gastrointestinal symptoms such as
diarrhea, abdominal pain, cramping) at any time during the study, the physician
Investigator in consultation with the Sponsor Medical Monitor may lower the dose
for the remainder of the study. If the subject is on a BID dosing regimen, dose
lowering should first be attempted with the afternoon dose.

The sBA value used for determination of ADE eligibility will be the most recent
available value. The ItchRO score used for ADE eligibility will be derived from
the most recent 2-week electronic diary collection period.
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Section 5.5.2.5, Safety
Follow-up Period

A safety follow-up phone call will be made by the study site 30 days after the last
dose of study drug. This call will be made for all subjects who complete the study,
as well as any subject who terminates from the study early. Concomitant
medications and any AEs noted during this phone call will be recorded. Subjects
who complete the study or who discontinued early due to reasons other than safety
may be eligible for participation in the optional follow-up treatment period under
Protocol Amendment 4.

Additional study drug-will-be-supplied-ateach-chnie-visit-during-the-follow-up
treatment-period—Unused Used study drug will be collected at the-Week324 each clinic

visit and dosing compliance assessed
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Section 5.5.3, For subjects who enter the optional follow-up treatment period, twice daily completion
Electronic Diary of the electronic diary will occur during the 2 weeks that follow the Week 84, 96, 108,

and 120 visits, Protocol Amendment 4 DE Week 4, and every clinic visits.visit
within each recurring 12-week period. Electronic diaries will be provided to subjects
and caregivers at-the Week24;:44,84;-96, 108 -and120-visits; and re-training on the use
of the diary will occur, as appropriate, at these visits.

Section 5.6, End of
Study

For subjects who did not consent to the optional follow-up treatment period, a
subject is considered to have completed treatment if treatment was not
permanently discontinued prior to the Week 72 visit. A follow-up phone contact is
required for all subjects should the final visit occur earlier than 30 days from the
final dose.

For subjects who consented to the follow-up treatment period, an additional
follow-up period disposition is collected in the eCRF. The subject is considered to
have completed treatment during the follow-up treatment period if study
treatment was not permanently discontinued prior to the subject completing the
EOT visit as defined in the most recent consent signed by the subject. A follow-up
contact is required for all subjects should the final visit occur earlier than 30 days
from the final dose.

Section 6.2, Enrollment

Subjects will be enrolled into the optional follow-up treatment period based on the
eligibility criteria outlined in Section 7.3.

Section 8.1.4,

280 pg/kg/day Stable
Dosing Treatment
Period (Week 9 to
Week 13)

At all sites (US, UK, EU and Australia), blood sampling for plasma levels of LUMO001
will be collected at Week 13. Blood will be drawn approximately 4 hours post morning
dosing for drug level analysis.

Section 8.1.5, Long-
Term Exposure Period
(Week 14 to Week 72)

However, if a subject experiences intolerance due to gastrointestinal symptoms, the
investigator in consultation with the Sponsor Medical Monitor may lower the dose te-a

previously-tolerated-dose for the remainder of the study.

Used study drug will be collected at each clinic visit, and dosing compliance will be
assessed.

At Week 72, all subjects will be assessed by the investigator to determine their
willingness and eligibility to roll-over into the optional follow-up treatment period.
Following completion of the Week 72 study visit, subjects who do not wish to enter
the optional follow-up treatment period will be contacted via telephone by the
study site approximately 30 days after the last dose of study drug.

Section 8.1.6, Early
Termination for
Subjects without
Participation in the
Optional Follow-up
Treatment Period

(new section heading)

Any subject who withdraws from the study prior to completion of all treatment period
clinic visits should undergo all procedures specified for the Week 72 study termination
visit. In addition the following assessments should be completed; the ItchRO (if prior to the
Week 48 visit), the clinician administered pruritus scale, the PedsQL, the Patient
Impression of Change, the Caregiver Impression of Change, and the Caregiver Global
Therapeutic Benefit assessments, as defined for Early Termination (see Section 16.1).;
Schedule J). For safety reasons, efforts must be made to follow subjects for at least 30 days
following their last dose of study drug.

Section 8.1.8, End of
Treatment or Early
Termination

Any subject who completes or withdraws from the study should undergo all
procedures specified for the EOT/ET visit (see Schedule J). The following
assessments are to be completed at the EOT/ET visit: Physical exam, body weight
and height, vital signs, and blood and urine samples for clinical laboratory testing,
including fasting lipid panel. Blood will also be collected for determination of fat-
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soluble vitamins and AFP. Female subjects who are of childbearing potential will
have a urine pregnancy test. Study drug compliance will be assessed.
Concomitant medications and adverse events will be collected. The ItchRO, the
clinician administered pruritus scale, the PedsQL, the Patient Impression of
Change, the Caregiver Impression of Change, and the Caregiver Global
Therapeutic Benefit assessments, and palatability questionnaire also will be
completed, as defined for Early Termination (see Section 16.1).

Section 8.1.9, Safety
Follow-up Period

A safety follow-up phone call will be made by the study site 30 days after the last
dose of study drug. This call will be made for all subjects who complete the study,
as well as any subject who terminates from the study early. Concomitant
medications and any AEs noted during this phone call will be recorded.

Subjects who complete the study or who discontinued early due to reasons other
than safety may be eligible for participation in the optional follow-up treatment
period.

Section 8.2, Genetic
Testing

In addition, to better understand the role of genetics in treatment response, an
additional blood sample will be taken for exome sequencing. The data analysis will
focus initially on genetic variation in candidate genes that may have a role in
treatment response, such as ASBT/SLC10A2 and genes in its pathway (ie upstream
or downstream of ASBT/SLLC10A2) and genes implicated in PFIC (ATP8BI,
ABCBI11 and ABCB4) with the goal of identifying genetic variation that may
discriminate treatment responders from non-responders. Following examination of
candidate genes, the data analysis may be expanded to evaluate genetic variation in
additional regions of the exome. This genetic analysis is more comprehensive and
may provide valuable information beyond the ATP8B1 and ABCBI11 genes. The
submission of this blood sample is voluntary. The results of this analysis may
identify relevant genetic variants, only some of which will be of known clinical
benefit. A blood sample for exome sequencing will be drawn once, at the time of
consent under Protocol Amendment 4.

Section 8.3,Physical
Examination, Weight
and Height, Vital
Signs; Section 8.5.1,
Itch Reported Outcome
(ItchRO™); Section
8.5.2, Clinician Scratch
Scale; Section 8.5.3,
Pediatric Quality of
Life Inventory
(PedsQL); Section
8.5.4, Patient
Impression of Change;
Section 8.5.5,
Caregiver Impression
of Change; Section
8.5.6, Caregiver Global
Therapeutic Benefit

Edited text to indicate all assessments will be performed as outlined in the Schedule of
Procedures in Section 16.1.

Section 8.7.1,
Contraception
Requirements

Sexually active female subjects of childbearing potential must continue to use
acceptable contraception with their partners, or refrain from sexual activity, from the
time of screening until-the-end-of the-study, throughout the study period and for 30
days following the last dose of the IP.




Mirum Pharmaceuticals, Inc.
LUMO001-501 Protocol Amendment 4.1

CONFIDENTIAL Page 35

08 February 2019

Section

Description of Change

If hormonal contraceptives are used they should be administered according to the
package insert.

Females of child-bearing potential who are not currently sexually active must
agree to use acceptable contraception, as defined below, if they become sexually
active during the period of the study and 30 days following the last dose of the IP.
Acceptable methods of contraception are:

a. Hormonal contraceptives (e.g., oral contraceptive pill, depot, patch,
intramuscular implant or injection, or vaginal ring), stabilized for at least 30 days
if first use, plus condoms; and/or

b. Barrier method, e.g., (i) condom (male or female) or (ii) diaphragm, with
spermicide; or

c. Intrauterine device (IUD).

d. or a sexual partner who is surgically sterilized.

Male Contraception:

Contraception is required for all sexually-active male subjects and their partners.
All male subjects agree not to donate sperm, and to use 1 of the following approved
methods of contraception until 30 days following study discharge:

Male condom with spermicide

Intrauterine device with spermicide (use by female sexual partner)
Female condom with spermicide (use by female sexual partner)
Contraceptive sponge with spermicide (use by female sexual partner)
Intravaginal system (eg, vaginal ring with spermicide, a diaphragm with
spermicide, or a cervical cap with spermicide) (use by female sexual partner)

f. Oral, implantable, transdermal, or injectable hormonal contraceptive (use
by female sexual partner).

P anegs

Section 9.1.1, LUMO001

Added new composition of LUMO001 1.0 mL Oral Solution and Composition of
LUMOO01 0.5 mL Oral Solution tables.

Section 10.1, Study
Drug Administration

The dose may also be down-titrated, at the investigator’s discretion and in
consultation with the Sponsor Medical Monitor, for subjects experiencing
intolerance (eg, gastrointestinal symptoms such as diarrhea, abdominal pain,
cramping) to a given dose. If the subject is on twice daily dosing regimen, dose
reduction should first be attempted with the afternoon dose. Subjects who were
previously down-titrated may be re-challenged during the long-term exposure
period.

Section 10.2,
Treatment Compliance

Subjects and/or caregivers will be asked to complete a paper diary indicating when they
took their study medication and when they ate breakfast and, for subjects who receive
a BID regimen, when they ate dinner (evening meal).

Section 10.5.2, Safety
Monitoring Rules

Of note: the INR re-test should be conducted by the central laboratory, but may
also be conducted at a local laboratory on an as needed basis.

Section 10.6,
Adjustment of Dose

If the subject is on twice daily dosing regimen, dose lowering should first be
attempted with the afternoon dose.

Section 11.3.1, Serious
Adverse Events

The collection of SAEs will begin after the subject s1gns the 1nformed consent/assent
formandstop he-en ; W which efine M

days after the last dose of study drug %Pmes%ﬁbjeets—ﬂﬁr&t—temﬁnateprmr—teﬁweek
Fo-or-Week124visit

Section 11.3.2, Non-
serious Adverse Events

The recording of non-serious AEs will begin after the subject signs the informed

consent/assent form and will stop atthe-end-ofthesubject’sfollow—upperiodwhichis
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Section

Section 11.3.3.2,
Severity

Please also refer to Section 10.5.2 regarding specific safety monitoring for liver
chemistry tests given that subjects with PFIC may have abnormal liver enzyme
levels at baseline.

Section 12.2.3.2,
Baseline Data

¢ Growth parameters including height and weight at baseline.

Section 12.2.6.6,

Assessments of serum alpha-fetoprotein (AFP) will be listed for individual subjects

Serum Alpha- and summarized using descriptive statistics by study visit.
fetoprotein

Section 16.1, Schedule | Added Overall Scheme and Corresponding Schedule of Procedures
of Procedures

Added Schedule of Procedures E-F: Rollover under Protocol Amendment 4:

Schedule of Procedures E — Extension of Optional Follow-up Treatment Period, for
subjects ineligible for ADE, applicable as follows:

e Subject did not yet complete the optional follow up treatment period as
outlined under Protocol Amendment 3 and is able to consent to Protocol
Amendment 4 activities without an interruption in LUMO001 dosing, OR

e  Subject completed optional follow up treatment period as outlined under PA3
and dosing interruption was <7 days.

e Subject deemed ineligible for ADE.

Schedule of Procedures F — Extension of Optional Follow-up Treatment Period, for
subjects eligible for ADE, applicable as follows:

e Subject did not yet complete the optional follow up treatment period as
outlined under Protocol Amendment 3. (PA3) and is able to consent to
Protocol Amendment 4 activities without an interruption in LUMO01 dosing
OR

e Subject completed the optional follow up treatment period as outlined under
PA3 and dosing interruption was <7 days.

e Subject deemed eligible for ADE.

Added Schedule of Procedures G-I: Rollover under Protocol Amendment 4:

Schedule of Procedures G — Optional Follow-up Treatment Period: Re-entry under
Protocol Amendment 4, applicable as follows:

e Subject previously completed (or early terminated from ) the optional follow
up treatment period as defined under Protocol Amendment 3 and has
subsequently experienced an interruption in LUMO001 dosing >7days

e Subject is considered eligible for study re-entry under Protocol Amendment 4

e Subject eligibility will be assessed for afternoon dose escalation at Protocol
Amendment 4 DE Week 8 shown in the table below.

o Ifsubject is found to be ineligible for ADE, subject will move from
Schedule G to Schedule H.

o If subject is found to be eligible for ADE, subject will move from
Schedule G to Schedule 1.
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Section

Description of Change

Schedule of Procedures H — Optional Follow-up Treatment Period: Re-entry under
Protocol Amendment 4, subject ineligible for ADE

Schedule of Procedures I — Optional Follow-up Treatment Period: Re-entry under
Protocol Amendment 4, subject eligible for ADE

Added Schedule of Procedures J - Study Termination and End of Treatment Procedures

Section 16.2, List of
Laboratory Analytes

Added ABC4 under Screening Tests
Added alpha-fetoprotein (AFP) under Marker of hepatocellular carcinoma
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PROTOCOL AMENDMENT 3
Protocol Number: LUMO001-501

Protocol Title: OPEN LABEL STUDY OF THE EFFICACY AND LONG TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 3

Date: 02 November 2015

The LUMO0O01-501 protocol is being amended to include an Optional Follow-up Treatment
Period (After Week 72) that is intended to offer the opportunity to eligible subjects treated in
the LUMO001-501 study to continue on treatment after Week 72 until the first to occur of the
following: (i) up to 52 weeks of additional treatment (Week 124), or (ii) in the event that a new
study opens to enrollment.

The following changes have been made to the Protocol Amendment 2 (05 November 2014).
Note that correction of typos and grammatical errors are not captured in the below table.

New text indicated in red; deleted text indicated in strikethrough.

Section Description of Change

Title page; Sponsor Added:

Contact Sponsor Medical Monitor: Susanne Schmidt, MD, PhD

Premier Research

Office: +1 215 282 5406

Cell: +1 267 838 2380

Email: medmonitorLUMS501@premier-research.com

Title page; Sponsor Changed “Sponsor Contact” from:

Contact Ciara Kennedy, PhD

Lumena Pharmaceuticals, Inc.

Phone: +1-858-337-7922

Email: ckennedy@lumenapharma.com

To “Sponsor Medical Lead”:
Beatriz Caballero, MD
Shire Human Genetic Therapies, Inc.
Zahlerweg 10
6300 Zug
Switzerland
Phone: +41(0) 41 288 42 30
Email: beaballero@shire.com

Synopsis; Objectives Changed: Fhe-Objectives of this-study-are:
Section 3; Objectives
To: Objectives of study (Up to and including Week 72):
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Section

Description of Change

Added:
Objectives of Optional Follow-up Treatment Period (After Week 72):

e To offer eligible subjects in the LUMO001-501 study continued study treatment
after Week 72 until the first of the following occur: (i) up to 52 weeks of
additional treatment (Week 124), or (ii) in the event that a new study opens to
enrollment.

»  To obtain safety and efficacy data in subjects treated long term on LUMO001
including genotyping characteristics.

Synopsis; Objectives
Section 3; Objectives
Synopsis; Efficacy
Evaluations

Deleted:
e To evaluate the long-term durability of effect of LUMO0O01 in patients with
PFIC during 48 weeks of treatment.
Deleted:

Durability-ef effeet from efficacy analyses

Rationale for this change:

The objective evaluating durability of effect of LUMO01 was removed. Durability of
effect cannot be assessed in this study since it is not placebo controlled and a treatment
effect has not yet been established.

Synopsis; Study
Design
Section5.1; Study
Design

Changed:

The study is divided into 4 parts: a 4-week dose escalation period, a 4-week stable
dosing period at 140 pg/kg/day, a 5S-week stable dosing period at 280 pg/kg/day, and-a
59-week long-term exposure period.

To:

The study is divided into 5 parts: a 4-week dose escalation period, a 4-week stable
dosing period at 140 pg/kg/day, a 5-week stable dosing period at 280 pg/kg/day, a 59-
week long-term exposure period, and an optional 52-week follow-up period for eligible
subjects who choose to stay on treatment with LUMOO1. Subjects’ participation in the
optional follow-up treatment period will continue until the first of the following occur:
1) completion of 52 weeks of additional treatment or ii) in the event that a new study of
LUMOO01 opens to enrollment.

Synopsis; Study
Population; Exclusion
Criteria

Section 7.2; Exclusion
Criteria

Added:

Eligible subjects for 52-week optional follow-up treatment period:

Subjects will be considered eligible for the 52-week optional follow-up treatment period
if they have completed the protocol through the Week 72 visit with no safety concerns.
Subjects who were discontinued due to safety reasons can be re-challenged if blood
tests are back to relatively normal values for this patient population and subject does not
meet any of the protocol’s stopping rules; the decision will be made by the investigator
in consultation with the Sponsor Medical Monitor. Subjects who have undergone a
surgical disruption of the enterohepatic circulation will not be eligible to enter into the
follow up treatment period. Subjects who were discontinued for other reasons will be
considered on an individual basis.

Synopsis; Study Drug
Dosage and
Administration,
Rationale for Dose and
Schedule Selection
Section 10.1 Study
Drug Administration

Changed:

During this period the dose may be adjusted if there is a change of >10% in weight since
the baseline visit.

To:

During this period the dose may be adjusted if there is a change of >10% in weight since
the screening visit.
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Section Description of Change
Synopsis; Study Drug Deleted:
Dosage and Dosing with LUMO0O01 will continue at a fixed dose in a 59-week long-term exposure
Administration period te-complete 72-weeks-of total drugexpesure.
Section 5.5.2;
Treatment Added:

Section 5.5.2.1; Dose
Escalation Period

Section 5.5.2.3; Long-
term Exposure Period

At the investigator’s discretion and in consultation with the Sponsor Medical Monitor,
subjects...

At Week 72, all subjects will be assessed by the investigator to determine their
willingness and eligibility to roll over into the 52-week optional follow-up treatment
period. Following the completion of the Week 72 study visit, subjects who choose to
participate in the optional follow-up treatment period will enter under one of the
following LUMO001 dosing scenarios:

*  Subjects who are eligible to roll over into the optional follow-up treatment
period with no LUMOO1 dosing interruption or an interruption of <7 days will
be maintained at the same dose level.

*  Subjects who are eligible to roll over into the optional follow-up treatment
period with a LUMOO1 dosing interruption of >7 days, will be dose escalated up
to 280 pg/kg/day or a maximum tolerated dose following a 4-week dose
escalation beginning at Dose Level 2 (35 pg/kg/day).

*  Subjects who do not wish to enter the optional follow-up treatment period, will
be contacted via telephone by the study site approximately 30 days after the last
dose of study drug.

Deleted:

Added:

If a subject experiences intolerance due to gastrointestinal symptoms (eg, diarrhea,
abdominal pain, cramping) at any time during the study, the physician ...

Synopsis; Rationale for
Dose and Schedule
Selection

Added:
To reduce the risk of loose stools, diarrhea and abdominal pain/cramps in this study up
to Week 72, the LUMOO01 dose will be escalated over the first 4 weeks.

For subjects in the 52-week optional follow-up treatment period with >7 days since the
last dose of LUMOO01, dosing will start at 35 pg/kg/day, and will then be increased over
the first 4 weeks up to 280 pg/kg/day or to the maximum tolerated dose starting at Dose
Level 2 (35 pg/kg/day). This escalation regimen is supported by the safety profile
observed in completed and ongoing clinical studies of LUMOO01 and allows for subjects
to reach 280 pg/kg/day or a maximum tolerated dose within a 4-week period.

During the long-term exposure period and the optional follow-up treatment period, the
dose may be adjusted...

The dose may also be down-titrated, at the investigator’s discretion and in consultation
with the Sponsor Medical Monitor, for subjects experiencing intolerance to a given
dose.
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Section Description of Change
Synopsis; Study Visit Added:
Schedule and Subjects who complete 72 weeks of treatment may be eligible to receive treatment for
Procedures up to 52 weeks during the optional follow-up treatment period.
2“:11011135-55 .Overaclll Follow-up Treatment Scheme
tudy Duration an . .. . . .
<
Follow-up (no interruption in LUMO0O01 dosing, or interruption <7 days)
""[u'n}ula‘b’{iéé':;,{/'k;z;;;ﬁ}'"‘i o

LUMO01 280 pg/kg/day maximum tolerated dose | - ,

LUMOO1 140 pg/kg/day o -

LUMOO1 70 pg/kg/day L !

LUMO01 35 pg/kg/day >0 ]

52-Week Optional Follow-Up Treatment Period

Study 72 76 80 88 92 100 104 108 112 116 120 124 128

W”*TTogfoogTsooToo¢¢o

T = Clinic Visit . = Phone Contact

**In consultation with Medical Monitor, the dose may be lowered to a previously well-tolerated dose to address ility issues at any time during the study**
**At the Investigator’s discretion, subjects who were previously down-titrated may be re-challenged during the follow-up period**

Follow-up Treatment Scheme
(interruption in LUMO001 dosing >7 days):

FTP :
Dose Escalation (DE) | | i LUMOO1 280 ug/kg/day or
H | maximum tolerated dose |

280 pig/kg/day

140 ug/kg/day |
70 ug/kg/doy |

35 ug/ka/day |

Delayed Rollover - | :
Dose interruption | 59-Week Long-Term Exposure
>7 days i H

1‘ Study  DE DE DE DE DE DE g0 84 88 92 96 100 104 108 112 116 120 124 128

w g FLf feteeteote et to

T = Clinic Visit . = Phone Contact
Synopsis; Study Visit Added:
Schedule and Week 72: Subjects will be evaluated by the investigator to determine whether they are
Procedures eligible to roll over into the optional 52-week follow-up treatment period. Eligible

subjects must have documented consents in order to continue in the optional follow-up
treatment period. ... Study drug will be discontinued at this visit if the subject chooses
not to participate in the follow-up treatment period.
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Synopsis; Study Visit
Schedule and
Procedures / Follow-up
Treatment Period
Section 5.5.2.4, Section
8.1.6; Follow-up
Period

Section 8.1.8
Optional Follow-up
Treatment Period

Added:

Follow-up Treatment Period: For subjects who do not roll over into the follow-up
treatment period, a safety follow-up phone call will be made by the study site 30 days
after the last dose of study drug. This call will be made for all subjects who complete
the study, as well as any subject who terminates from the study early. Concomitant
medications and any adverse events noted during this phone call will be recorded.
Subjects who complete the study or who discontinued early due to reasons other than
safety may be eligible for participation in a follow-up treatment period.

Optional Follow-up Treatment Period (post-Week 72 to Week 124): Subjects who are
eligible to roll over on to the follow-up treatment period will continue to receive study
drug at the dose they were receiving at Week 72 for up to 52 weeks of additional
treatment or in the event that a new study opens to enrollment, whichever occurs first.
Subjects who are eligible to roll over into the follow-up treatment period with no
LUMOO01 dosing interruption or an interruption of <7 days will be maintained at the
same dose level.

Subjects with >7 days since last dose of LUMO0O01 will be dose escalated up to

280 pg/kg/day or to the maximum tolerated dose starting at Dose Level 2

(35 pg/kg/day). This escalation regimen is supported by the safety profile observed in
completed and ongoing clinical studies of LUMOO1 and allows for subjects to reach 280
pg/kg/day or a maximum tolerated dose within a 4-week period. The dose escalation
(DE) period will proceed as follows:

e DE Week -2 Clinic Visit: obtain consent, obtain weight and draw labs.

e DE Day 0 Clinic Visit: Investigator evaluates laboratory results, study drug is
dispensed and subject begins at 35 pg/kg/day dose level.

e DE Week 73 Telephone Contact: subject escalates to 70 pg/kg/day dose level if
prior dose level was tolerated.

e DE Week 74 Clinic Visit: subject escalates to 140 pg/kg/day dose level if prior
dose level was tolerated.

e DE Week 75 Telephone Contact: subject escalates to 280 pg/kg/day dose, if
prior dose level was tolerated.

e DE Week 76 Clinic Visit: subject continues in Follow-up Treatment Period at
280 ng/kg/day, or maximum tolerated dose.

If any subject experiences intolerance, the investigator, in consultation with the Sponsor
Medical Monitor, may lower the dose to a previously tolerated dose at any time during
the entire follow-up treatment period. At the investigator’s discretion and in
consultation with the Sponsor Medical Monitor, subjects who were previously down
titrated may be re-challenged during the follow-up treatment period. During the follow-
up treatment period, subjects will return to the clinic every 3 months, at Weeks 84, 96,
108, 120, and 124.

Safety and clinical laboratory evaluations and a physical exam (including collection of
vital signs, height and weight measurements) will be completed at each clinic visit. In
addition, the clinician scratch scale will be administered and study drug compliance will
be assessed. The PedsQL will be administered at DE Day 0 (for subjects requiring dose
escalation) and at Weeks 84, 96, 108, and 124. The Patient and Caregiver Impression of
Change (PIC & CIC), and the Caregiver Global Therapeutic Benefit assessments will be
completed at Weeks 108, 120, and 124. Subjects/caregivers will receive follow-up
phone calls at Weeks 80, 88, 92, 100, 104, 112, and 116. Concomitant medications and
any AEs will be evaluated and recorded at all clinic visits and at scheduled telephone
contacts.




Mirum Pharmaceuticals, Inc.
LUMO001-501 Protocol Amendment 4.1

CONFIDENTIAL Page 43

08 February 2019

Section

Description of Change

Twice daily completion of the electronic diary will be required by caregivers and age
appropriate subjects during the 2 weeks following the Week 84, 96, 108, and 120 clinic
visits. Electronic diaries will be provided to subjects and caregivers at these visits and
re-training on the use of the diary will occur, as appropriate.

At the physician investigator’s discretion, withdrawal of concomitant medications used
for the treatment of pruritus may occur during the long-term exposure period.

With the exception of the Week 120 and Week 124 visit (Study Termination), additional
study drug will be supplied at each clinic visit during the follow-up treatment period.
Unused study drug will be collected at the Week 124 visit.

Synopsis; Efficacy
Evaluations

Section 12; Statistical
Considerations

Changed:

The main focus for the analyses of efficacy is the period from Baseline (Day 0) to Week
13. The period from Baseline (Day 0) to Week 48 will be analysed for-durability-of
effeet and the period from Weeks 48-72 has been added ..

To:

The main focus for the analyses of efficacy is the period from Baseline (Day 0) to Week
13. The period from Baseline (Day 0) to Week 48 will be analysed and the period from
Weeks 48-72 and 73-124 have ...

Synopsis; Efficacy
Evaluations
Section 12.2.9.1;
Efficacy Variables

Deleted/Changed:
Pattern of change in serum bile acids from Baseline (Day 0) to Week 48 124 will be

evaluated to-determine-the-durability-ef therapeutic-effeet—The durability of effeet

eriteria-and its appropriate analysis methodology...

Secondary evaluations fer-the-durabiity-of the-therapeutic-effeet will be. ..
Additional evaluations of safety and durabiity-eftherapentic-effeet efficacy surrogates

will be specified in the Statistical Analysis Plan.

Rationale for this change:

The objective evaluating the durability of effect of LUMOO1 in subjects was removed as
this cannot be assessed as this study is not placebo-controlled and an effect has not yet
been established (through historical control for example).

Synopsis; Efficacy
Evaluations

Section 12.2.9.1;
Efficacy Variables;
Section 16.7; Patient
Impression of Change
Section 16.8; Caregiver
Impression of Change
Section 16.9; Caregiver
Global Therapeutic
Benefit

Added:
Additional assessment time points at Week 72, 84, 96, 108, 120, and 124 were added to
the efficacy parameters:
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Section

Description of Change

e  Change from Baseline (Day 0) in fasting serum bile acid level
e  Change from Baseline (Day 0) for ALT, and bilirubin (total and direct)

e Change from Baseline (Day 0) for other biochemical markers of cholestasis
[total cholesterol, low-density lipoprotein cholesterol (LDL-C)]

e Change from Baseline (Day 0) in bile acid synthesis [serum 7o-hydroxy-4-
cholesten-3-one (70C4)]

e  Change from Baseline (Day 0) for PedsQL

e Change from Baseline (Day 0) for other biochemical markers [autotaxin and
lysophosphatidic acid (LPA)]

e  Change from Baseline (Day 0) for measures of bile acid synthesis (FGF-19 and
FGF-21)

e  Change from Baseline (Day 0) in the Clinician Scratch Scale

Additional assessment time points at Week 48, 86, 98, 110, and 122 were added to the
efficacy parameters:

e Change from Baseline (Day 0) in pruritus as measured by the average daily
ItchRO (Observer ItchRO/patient ItchRO)

e Responder analysis; pruritus response rates as measured by ItchRO (Observer
ItchRO/patient ItchRO)

Additional assessment time points at Week 108, 120, and 124 were added to the
efficacy parameters:
e  Patient Impression of Change (PIC)

e  Caregiver Impression of Change (CIC)
e Caregiver Global Therapeutic Benefit (CGTB)

For subjects entering the 52-week optional treatment period with >7 days since last dose
of LUMO01, any of the above evaluations may also occur at clinic visits during the DE
period.

Synopsis; Interim
Analyses

Section 12.2.7;Interim
Analyses

Deleted:
This analysis will provide an assessment of the long-term safety and durability-ef-effeet
efficacy of LUMO0O1.

Synopsis; Statistical
Considerations

Added:

Safety measures including AEs, clinical laboratory tests, vital signs, physical exams,
and concomitant medication usage will be summarized descriptively by study phase
(Weeks 0-13, 14-48, 49-72, and 73-124) and over the entire study duration (Weeks 0-
72, and 0-124).

Section 5.5.2;
Treatment

Deleted:
Added:

Dosing will occur over a 13-week treatment period (comprised of 4-weeks dose
escalation [Dose Level 1-4], 4-weeks stable dosing at 140 pg/kg/day, and 5-weeks
stable dosing at 280 pg/kg/day), followed by a 59-week long-term exposure period.
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Section Description of Change
Section 5.5.3; Deleted/Added:
Electronic Diary Twice daily completion of the electronic diary will be required by caregivers and age

appropriate subjects beginning at the screening visit through the end of the Week 13
visit and again during the 4 weeks that follow the Week 24 and Week 44 clinic visits
and, for subjects who enter the optional follow-up treatment period, during the 2 weeks
that follow the Week 84, 96, 108, and 120 clinic visits. Electronic diaries will be
provided to subjects and caregivers at Weeks the Week 24, 44, 84, 96, 108, and 120
visits, and re-training on the use of the diary will occur, as appropriate, at these 2 visits.

Section 5.5.4;
Follow-up

Changed:

Study drug (LUMOO01) will be discontinued at Week 72 and subjects will be followed
for an additional 4 weeks. A safety follow-up phone call will be made at Week 76.
Subjects who complete the study may be eligible for participation in a long-term
extension study of LUMOO1.

To:

Study drug (LUMOO01) will be discontinued at Week 72 if the subject chooses not to
participate in the optional follow-up treatment period and subjects will be followed for
an additional 4 weeks. A safety follow-up phone call...

Section 8.1.5; Long-
term Exposure Period
Section 10.6;
Adjustment of Dose

Added:
At the investigator’s discretion and in consultation with the Sponsor Medical Monitor,
subjects who were previously down-titrated may be re-challenged.

Section 8.2; Genetic
Testing

Added:

ATP8BI or ABCBI11 mutations are predictive of PFIC. For subjects who do not have
documentation of an ATP8BI or ABCBI1 mutation, blood samples for genotyping will
be collected at the screening visit. The appropriate genetic counseling in accordance
with local laws will be provided to any subject and their legal caregivers at a study visit
following the receipt of results of genetic testing, at no cost to the subject. Subjects for
whom prior genotyping was performed may need to have an optional repeat analysis
performed if the original information collected at screening was insufficient for
complete documentation of the diagnosis of PFIC including the type of mutation
recorded. For those participants for which the type of the mutation cannot be
documented, genetic testing may be conducted and the results recorded.

Section 8.3;
Physical Examination

Added:

For subjects who enter into the optional follow-up treatment period, physical
examinations will also be conducted at Week 84, Week 96, Week 108, Week 120, and
Week 124. For subjects with interruptions in LUMOO1 dosing of >7 days, additional
physical examinations will be conducted during the DE period at DE -2, DE Day 0, DE
Week 74, and DE Week 76.

Section 8.5.1; Itch
Reported Outcome

Added:

For subjects who enter the optional follow-up treatment period, daily completion of the
diary will also be during the 2 weeks following the Week 84, 96, 108, and 120 clinic
visits.

Section 8.5.2; Clinician
Scratch Scale

Added:

For subjects who enter the optional follow-up treatment period, the clinician scratch
scale will also be administered at Weeks 84, 96, 108, 120, and 124. For subjects with
interruptions in LUMO0O1 dosing of >7 days, assessments will be conducted during the
DE period at DE -2, DE Day 0, DE Week 74, and DE Week 76.

Section 8.5.3; Pediatric
Quality of Life
Inventory

Added:

For subjects who enter the optional follow-up treatment period, the PedsQL will also be
administered at Weeks 84, 96, 108, 120, and 124. For subjects with interruptions in
LUMOO01 dosing of >7 days, the PedsQL will also be administered at DE Day 0.
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Section

Description of Change

For subjects who enter the optional follow-up treatment period, the multidimensional
fatigue and family impact questionnaires will also be administered at Weeks 84, 96,
108, 120, and 124.

Section 8.5.4; Patient
Impression of Change

Changed:

The PIC will be completed, by subjects who were 9 years of age or older at the
screening visit. It will be completed at the Weeks 13, 48 and 72 visits, see Section 16.7.
For subjects who enter the optional follow-up treatment period, the PIC will also be
administered at Weeks 108, 120, and 124.

To:

The PIC will be completed by subjects who were 9 years of age or older at the Week 13,
Week 48, and Week 72 visits. For subjects who enter the optional follow-up treatment
period, the PIC will be completed by subjects who were 9 years of age or older at the
Weeks 108, 120, and 124 (see Section 16.7).

Section 8.5.5;
Caregiver Impression
of Change

Added:
For subjects who enter the optional follow-up treatment period, the CIC will also be
administered at Weeks 108, 120, and 124.

Section 8.5.6;
Caregiver Global
Therapeutic Benefit

Added:
For subjects who enter the optional follow-up treatment period, the CGTB will also be
administered at Weeks 108, 120, and 124.

Section 10.1; Study
Drug Administration

Added:
During the long-term exposure period (Week 14 to Week 72) of the study, and during
the optional follow-up treatment period (Week 76 to Week 124)....

Section 10.3;
Concomitant
Medications

Added/Changed:
...administered during participation in the study (the period from the first day of
screening through the last contact at Week 76128).

Section 11.3.1; Serious
Adverse Events

Added/Changed:

The collection of SAEs will begin after the subject signs the informed consent/assent
form and stop at the end of the subject’s follow-up period which is defined as Week
7276 for subjects who do not roll over into the optional treatment follow-up period,
Week 124 for subjects who do roll over into the optional treatment follow-up period, or
30 days after the last dose of study drug for those subjects that terminate the prior to the
Week 72-76 or Week 124 visit.

Section 11.3.2; Non-
Serious Adverse
Events

Added/Changed:

The recording of non-serious AEs will begin after the subject signs the informed
consent/assent form and will stop at the end of the subject’s follow-up period, which is
defined as Week 76 for subjects who do not roll over into the optional treatment follow-
up period, Week 124 for subjects who do roll over into the optional treatment follow-up
period, or 30 days after the last dose of study drug for those subjects that terminate prior
to the Week 76 or Week 124 visit.

Section 12; Statistical
Considerations

Added:
Summaries will be provided by study phase (Weeks 0-13, 14-48 and, 49-72, 73-124)
and over the entire study duration (Weeks 0-72 and 0-124), by visit...

Section 12.2.6; Safety
Analyses

Added:

Safety data, including AEs, clinical laboratory tests, vital signs, physical examinations,
and concomitant medication usage will be summarized descriptively by study phase
(Weeks 0-13, 14-48, 49-72, and 73-124) and over the entire study duration (Weeks 0-
124).

Section 12.2.9.1;
Efficacy Variables

Added:
For this instrument the caregiver and/or subject indicate the itch severity in the morning
and in the evening each day during screening and during the designated study periods
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Section

Description of Change

[Day 0 — 13, Week 24-28, Week 44-48, Week 84-86, Week 96-98, Week 108-110, and
Week 120-122].

If a caregiver is not compliant with the ItchRO (Obs) at Weeks 13, 28, 48, 86, 98, 110,
and 122, the average daily...

Section 16.1; Schedule
of Procedures

Added:

Two new Schedules of Procedures for the Optional Follow-up Treatment Period (Week
72-Week 124) for 1) subjects with no interruption in LUMOO1 dosing or interruption <7
days and 2) Subjects with interruption in LUMO001 dosing >7 days.
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PROTOCOL AMENDMENT 2
Protocol Number: LUMO001-501

Protocol Title: OPEN LABEL STUDY OF THE EFFICACY AND LONG TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 2

Date: 05 November 2014

The following changes have been made to the Protocol Amendment 1 (US version dated
December 10, 2013 and UK/EU version dated May 7, 2014).

The inclusion criterion related to serum bile acid levels is changed from intrahepatic
cholestasis manifested by “fasting total serum bile acid to >100 pmol/L” to “total serum bile
acid >3x upper limit of normal for age.”

The inclusion criterion related to the ability to read and understand English has been expanded
to accommodate the following languages: English, Spanish, US Spanish, French, German or
Polish.

The exclusion criterion related to a surgical procedure resulting in disruption of the
enterohepatic circulation at the time at screening has been clarified to indicate that subjects
who have undergone reversal of such surgical procedures and have a permanently restored
flow of bile acids from the liver to the terminal ileum may be eligible for the study upon
consultation with the Sponsor Medical Monitor.

An exclusion criterion has been added to specify that the administration of sodium
phenylbutyrate within 30 days prior to the Baseline / Day 0 visit and during the study is
prohibited.

The number of subjects is increased from 12 subjects to approximately 24 evaluable subjects
inclusive of the replacement of any subjects who may substantially violate the protocol. A
minimum of 8 subjects with FIC1 (ATP8BI1 related disease) subjects will be enrolled.

The duration of the treatment period has been increased from 48 weeks to 72 weeks.

The number of clinic visits is increased by 2 (total 12 clinical visits) to accommodate the

extended duration of the study. Procedures and assessments for these 2 study visits have been
added.

Text has been included to indicate that all assessments completed by the subject and caregiver
will be provided as validated translations in the following languages: English, Spanish, US
Spanish, French, German or Polish.
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The sampling schedules for pharmacokinetic (PK) analysis of LUMO0O1 levels have been
clarified to accommodate the requirement for more frequent PK sampling in the US, as was
requested by the Food and Drug Administration (FDA), compared to the sampling schedule
for the UK, EU and Australia.

An ultrasound at the screening visit will not be required if the results of an ultrasound
completed within 6 months are available to the investigator and the clinical status of the
subject has not changed significantly since the time of the test.

Revised text was added to indicate that a physical exam will be conducted only at the
Screening, and the Weeks 24, 36, 48, 60 and 72 clinic visits.

The frequency of study drug dispensation has been clarified to indicate that study drug will not
be dispensed at the Week 44 visit.

The section on Safety Monitoring Rules and Safety Monitoring for Liver Chemistry Tests
were clarified to indicate that repeat testing is required within 48 to 72 hours of the availability
of the initial report instead of within 48 to 72 hours of the initial collection.

As second interim analysis has been added when all enrolled subjects have reached the 48
week visit.

The Statistical Considerations section has been updated to reflect the increase in the study’s
duration and the increase in study visits.

The following table provides a summary list of changes to the protocol:

Section Description of Change
Synopsis (Section 1), Study Design Changed treatment (duration) period to collect additional
Overall Study Duration and Follow-up long-term exposure data from 39 weeks to 76 weeks,
(Section 5.5) inclusive of a 4 week follow-up. Treatment period changed

from 48 weeks to 72 weeks.

Synopsis (Section 1), Study Visit Schedule and Changed long term exposure period from 35 weeks to
Procedures 59 weeks, treatment duration from 48 weeks to 72 weeks
Study Design (Section 5.1) and study duration from 52 to 76 weeks, inclusive of a 4
week follow-up.

Added study visits at Weeks 60 and 72.

Changed Study Termination (End of Study) from Week 48
to Week 72.

Added PedsQL evaluation at Week 72.

Added Patient & Caregiver Impression of Change
evaluation at Week 72.

Synopsis (Section 1), Number of Subjects Increased from 12 to approximately 24 evaluable subjects.

Number of Subjects (Section 5.4) At least 8 subjects with FIC1 will be enrolled (increased

Statistical Considerations (Section 12) from 5).

Synopsis (Section 1), Stable Dosing Periods Text has been clarified to indicate that at Week 8, the dose

(Section 5.5.5.2) will be increased to level 5 only for subjects who tolerated
dose level 4.

Synopsis (Section 1), Inclusion Criterion #2a Criterion has been modified from “fasting total serum bile

(Section 7.1) acid to >100 umol/L” to “total serum bile acid >3x upper

limit of normal for age”.
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Section

Description of Change

Synopsis (Section 1), Inclusion Criterion #8
(Section 7.1)

Criterion has been expanded to specify that eligible
subjects and caregivers must be able to read and understand
the primary language(s) of the country in which the study
is being conducted.

Synopsis (Section 1), Exclusion Criterion #2
(Section 7.2)

Criterion clarified to indicate that subjects who have
undergone reversal of a prior surgical procedure intended
to disrupt enterohepatic circulation and who have a
permanently restored flow of bile acids from the liver to
the terminal ileum may be eligible for the study upon
consultation with the Medical Monitor.

Synopsis (Section 1), Exclusion Criterion #13
(Section 7.2)

Criterion clarified to specify that administration of bile acid
or lipid binding resins within 30 days prior to Baseline /
Day 0 and throughout the trial is excluded.

Synopsis (Section 1), Exclusion Criterion #14
(Section 7.2)

Criterion added to exclude the administration of sodium
phenylbutyrate within 30 days prior to Baseline / Day 0
and throughout the trial. (As a result, the total number of
exclusion criteria has increased from 16 to 17.)

Synopsis (Section 1), Drug Level Evaluations,
Study Procedures (Section 8), Section 16.1

Added collection of PK samples at Weeks 60 and 72;
Clarified sampling schedules.

Number of Study Centers (Section 5.3)

Changed from 3-7 centers to approximately 12 centers.

Synopsis (Section 1), Study Visit Schedule and
Procedures
Screening Period (Section 8.1.1)

Text inserted to indicate that a screening ultrasound will
not be required if the results of an ultrasound

completed within 6 months are available, provided the
clinical status of the subject has not changed significantly
since the time of the test.

Synopsis (Section 1), Statistical Considerations
(Section 12)

Statistical considerations revised to reflect an additional
interim analysis; updated analyses to reflect the increase in
the study’s duration and number of visits. Clarified that the
main focus for the analyses of efficacy is the period from
Baseline (Day 0) to Week 13. The period from Baseline
(Day 0) to Week 48 will be analysed for durability of effect
and the period from Weeks 48-72 has been added to obtain
additional safety data and to monitor biochemical markers
of cholestasis. Specified that there will be two analysis
populations for efficacy: the Per Protocol population (PP)
will consist of all subjects in the MITT population who did
not have a major protocol violation, inclusive of violation
of entry the criteria. Subjects in this population will be
referenced as evaluable.

Physical Examination, Weight, Height, Vital
Signs (Section 8.3)

Dose Escalation Treatment Period (Day 0 to
Week 4) (Synopsis and Section 8.1.2)

Text revised to indicate that a physical examination on
each subject should be completed at screening and at the
Weeks 24, 36, 48, 60 and 72 clinic visits.

Long-Term Exposure Period (Sections 5.5.2.3
and 8.1.5)

With the exception of the Week 44 and the Study
Termination Visit (End of Study), additional study drug
will be supplied at each clinic visit during the long-term
exposure period.

Long-term Exposure Period (Section 8.1.5)

Added clinic visits at Weeks 60 and 72 and adjusted
schedule of procedures as noted in Section 16.1.

Follow-up Period (Week 73 to Week 76)
(Section 8.1.6)

Extended follow-up period to Weeks 73-76.
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Section

Description of Change

Physical Examination, Weight and Height, Vital
Signs (Section 8.3)

Added assessments at Weeks 60 and 72.

Early Termination (Section 8.1.7)

Changed Week 48 to Week 72.

Genetic Testing (Section 8.2)

Clarified that blood samples for genotyping will be
collected at the screening visit for subjects who do not have
documentation of an ATP8BI or ABCBI1 mutation; added
text to indicate that genetic counseling will be provided in
accordance with local laws.

Pruritus and Quality of Life Assessments
(Section 8.5)

Added text to clarify that assessments completed by the
subject and caregiver will be provided as validated
instruments in the primary language(s) of the country in
which the subject and caregiver are participating in the
study.

Clinician Scratch Scale (Section 8.5.2)

Added assessments at Weeks 60 and 72.

Pediatric Quality of Life Inventory PedsQL
(Section 8.5.3)

Added assessment at Week 72; clarified that age at baseline
visit will be used as the age for the determination of the
appropriate questionnaire to be used for the duration of the
study, regardless of subsequent birthdays during the study.

Patient Impression of Change (Sections 8.5.4 and
16.7)

Added assessment at Week 72; removed assessment at
Screening.

Caregiver Impression of Change (Sections 8.5.5
and 16.8)

Added assessment at Week 72.

Caregiver Global Therapeutic Benefit
(Section 8.5.6)

Added assessment at Week 72.

Replacement of Subjects (Section 6.3)

Text has been added to indicate that subjects who
substantially violate the protocol may be replaced in order
to enroll approximately 24 evaluable subjects.

Safety Monitoring Rules (Section 10.5.2), Safety
Monitoring for Liver Chemistry Tests (Section
10.5.2.1)

Text has been modified to specify that confirmation
specimen collections should take place within 48 to
72 hours of the availability of the report.

Schedule of Procedures (Section 16.1)

Modified to reflect changes listed above

Liver Disease Diagnoses Excluded from PFIC
Definition (Section 16.3)

Clarified criterion #8 to indicate that a confirmed diagnosis
of bile acid synthesis defects is excluded; however, testing
during screening for bile acid synthesis defects is not a
required.

Administrative Changes

To correct typographical errors.
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PROTOCOL AMENDMENT 1 (UNITED STATES)
Protocol Number: LUMO001-501

Protocol Title: OPEN LABEL STUDY OF THE EFFICACY AND LONG TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 1 (US)

Date: 10 December 2013

The following changes have been made to the original protocol.

In order to limit propylene glycol (PG) exposure to within the recommended limits
(WHO acceptable daily intake limits of 25 mg/kg/day), the volume of study drug administered
has been reduced from 1 mL to 0.5 mL for subjects who weigh less than 10 kg.

The frequency for the evaluation of LUMOO1 plasma levels of has been clarified. Blood
sampling for LUMO0O1 determination will occur at baseline, and visits at Weeks 2, 4, 8, 13, 24,
36 and 48. To maximize the information generated from sparse sampling, and based on a Tmax of
LUMOO0L1 in adults of 2.3 hours, a blood sample for study drug determination will be collected at
approximately 2 hours post-dosing at Week 4. At Weeks, 2, 8, 13, 24, 36 and 48, blood samples
for study drug determination will be collected at approximately 4 hours post-dosing.

Safety Monitoring Rules and Safety Monitoring for Liver Chemistry Tests will be modified to
require repeat testing within 48 to 72 hours.

The section “Further Investigation into Liver Chemistry Elevations” has been modified to
include additional evaluations in the event of a confirmed ALT or total bilirubin level.

Minor changes have been made to the text to improve the clarity of the protocol and/or correct
minor inconsistencies.



Mirum Pharmaceuticals, Inc. CONFIDENTIAL

LUMO001-501 Protocol Amendment 4.1

Page 53
08 February 2019

The following table provides a summary list of changes to the protocol:

Section

Description of Change

Inclusion Criteria (Section 7.1)

Text revised to include upper age limit of 18 years
of age.

Treatment (Section 5.5.2), Dose Escalation Period
(Section 5.5.2.1), Study Drug Administration
(Section 10.1)

Text revised to indicate that subjects who weigh 10
kg or more at screening will receive a 1.0 mL
solution containing LUMO01. Subjects who weigh
less than 10 kg at screening will receive a 0.5 mL
solution containing LUMO001. The volume
administered will not change during the course of
the study.

Study Design (Section 5.1)

Blood samples will be collected at baseline and
Weeks 2, 4, 8, 13, 24, 36 and 48 for study drug
determination. At Week 4, blood will be drawn
approximately 2 hours post-dosing for drug level
analysis. At Weeks 2, 8, 13, 24, 36 and 48, blood
will be drawn approximately 4 hours post dosing for
drug level analysis.

Study Drug Description (Section 9.1)

A tabular description of the composition of the
LUMO001 0.5 mL solution has been included

Safety Monitoring Rules (Section 10.5.2)

Text has been modified to specify that confirmation
specimen collections should take place as within 48
to 72 hours of the initial collection.

Safety Monitoring for Liver Chemistry Tests
(Section 10.5.2.1)

The section has been modified to require repeat
testing within 48 to 72 hours: “If at any time in the
study an ALT or total bilirubin result meets the
criteria shown in the table below, in relation to the
subject’s baseline level, the initial measurement(s)
should be confirmed within 48 to 72 hours of the
initial collection.”

Further Investigation into Liver Chemistry Elevations
(Section 10.5.2.1)

This section has been modified to include the
following evaluations in the event of a confirmed
elevation in ALT or total bilirubin level:

e Close and frequent monitoring of liver enzyme
and serum bilirubin tests as clinically
indicated. Frequency of retesting can decrease
if abnormalities stabilize or the trial drug has
been discontinued and the subject is
asymptomatic. If the appropriate frequency of
monitoring is not feasible study drug
administration will be suspended.

e  Obtain a detailed history of symptoms and
prior and concurrent diseases.

e  Obtain comprehensive history for concomitant
drug use (including non-prescription
medications, herbal and dietary supplement
preparations), alcohol use, recreational drug
use, and special diets.
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Section Description of Change

e  Obtain a history for exposure to environmental
chemical agents and travel.

e Serology for viral hepatitis (HAV IgM,
HBsAg, HCV antibody, CMV IgM, and EBV
antibody panel).

e Serology for autoimmune hepatitis [e.g.,
antinuclear antibody (ANA)].

Additional liver evaluations, including
gastroenterology/hepatology consultations, hepatic
CT or MRI scans, may be performed at the
discretion of the Investigator, in consultation with
the Sponsor Medical Monitor.

Section 16.6 Addition of the PedsQL quality of life questionnaire
of children between the ages of 0-12 months.

PROTOCOL AMENDMENT 1 (UNITED KINGDOM & EUROPE)

Protocol Number: LUMO001-501

Protocol Title: OPEN-LABEL STUDY OF THE EFFICACY AND LONG-TERM
SAFETY OF LUMO001, AN APICAL SODIUM-DEPENDENT BILE
ACID TRANSPORTER INHIBITOR (ASBTi), IN THE TREATMENT
OF CHOLESTATIC LIVER DISEASE IN PEDIATRIC PATIENTS
WITH PROGRESSIVE FAMILIAL INTRAHEPATIC CHOLESTASIS

Amendment: 1 (UK and EU)

Date: 07 May 2014

The following changes have been made to the original protocol.

In order to limit propylene glycol (PG) exposure to within the recommended limits
(WHO acceptable daily intake limits of 25 mg/kg/day), the volume of study drug administered
has been reduced from 1 mL to 0.5 mL for subjects who weigh less than 10 kg.

Safety Monitoring Rules and Safety Monitoring for Liver Chemistry Tests will be modified to
require repeat testing within 48 to 72 hours.

The section “Further Investigation into Liver Chemistry Elevations” has been modified to
include additional evaluations in the event of a confirmed ALT or total bilirubin level.

Minor changes have been made to the text to improve the clarity of the protocol and/or correct
minor inconsistencies.

The following table provides a summary list of changes to the protocol:

Section Description of Change

Inclusion Criteria (Section 7.1) Text revised to include upper age limit of 18 years
of age.
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Section

Description of Change

Treatment (Section 5.5.2), Dose Escalation Period
(Section 5.5.2.1), Study Drug Administration
(Section 10.1)

Text revised to indicate that subjects who weigh
10 kg or more at screening will receive a 1.0 mL
solution containing LUMOO1. Subjects who weigh
less than 10 kg at screening will receive a 0.5 mL
solution containing LUMOO1. The volume
administered will not change during the course of
the study.

Study Drug Description (Section 9.1)

A tabular description of the composition of the
LUMO001 0.5 mL solution has been included.

Safety Monitoring Rules (Section 10.5.2)

Text has been modified to specify that confirmation
specimen collections should take place as within 48
to 72 hours of the initial collection.

Safety Monitoring for Liver Chemistry Tests
(Section 10.5.2.1)

The section has been modified to require repeat
testing within 48 to 72 hours: “If at any time in the
study an ALT or total bilirubin result meets the
criteria shown in the table below, in relation to the
subject’s baseline level, the initial measurement(s)
should be confirmed within 48 to 72 hours of the
initial collection.”

Further Investigation into Liver Chemistry Elevations
(Section 10.5.2.1)

This section has been modified to include the
following evaluations in the event of a confirmed
elevation in ALT or total bilirubin level:

e Close and frequent monitoring of liver enzyme
and serum bilirubin tests as clinically
indicated. Frequency of retesting can decrease
if abnormalities stabilize or the trial drug has
been discontinued and the subject is
asymptomatic. If the appropriate frequency of
monitoring is not feasible study drug
administration will be suspended.

e  Obtain a detailed history of symptoms and
prior and concurrent diseases.

e  Obtain comprehensive history for concomitant
drug use (including non-prescription
medications, herbal and dietary supplement
preparations), alcohol use, recreational drug
use, and special diets

e  Obtain a history for exposure to environmental
chemical agents and travel.

e Serology for viral hepatitis (HAV IgM,
HBsAg, HCV antibody, CMV IgM, and EBV
antibody panel).

e Serology for autoimmune hepatitis
[e.g., antinuclear antibody (ANA)].

Additional liver evaluations, including
gastroenterology/hepatology consultations, hepatic
CT or MRI scans, may be performed at the
discretion of the Investigator, in consultation with
the Sponsor Medical Monitor.
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Section

Description of Change

Section 16.6

Addition of the PedsQL quality of life questionnaire
of children between the ages of 1-12 months.
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1

STUDY SYNOPSIS AND SCHEDULE OF PROCEDURES

Sponsor

Mirum Pharmaceuticals, Inc.

Protocol Number

LUMO001-501

Protocol Title

Open Label Study of the Efficacy and Long Term Safety of LUMO001, an Apical
Sodium-Dependent Bile Acid Transporter Inhibitor (ASBT1), in the Treatment of
Cholestatic Liver Disease in Pediatric Patients with Progressive Familial Intrahepatic
Cholestasis

Study Phase

2

Indication

Treatment of Patients with Progressive Familial Intrahepatic Cholestasis (PFIC)

Objectives

Objectives of Study (Up to and including Week 72):

o To evaluate the long-term safety and tolerability of LUMOO1 in pediatric subjects with
PFIC.

e To evaluate the effect of LUMOO1 on serum bile acid levels in pediatric subjects with
PFIC at 13 weeks of treatment.

e To evaluate the effect of LUMO0O1 on biochemical markers of cholestasis and liver
disease at 13 weeks of treatment.

e To evaluate the effect of LUMO0O1 on pruritus in pediatric subjects with PFIC at
13 weeks of treatment.

Objectives of Optional Follow-up Treatment Period (After Week 72):

e To offer eligible subjects in the LUMO001-501 study continued study treatment beyond
Week 72 until the first of the following occurs: (i) the subjects are eligible to enter
another LUMOO1 study or (ii) LUMO0O1 is available commercially.

e To obtain safety and efficacy data in subjects treated long-term on LUMOO1.

e To explore a twice a day (BID) dosing regimen and higher daily dosing of LUMO01.

e To identify genetic indicators of treatment response, including use of exome sequencing.
e To assess the level of alpha-fetoprotein (AFP), a marker of hepatocellular carcinoma.

e To assess palatability of the LUMO0O01 formulation.

Exploratory Objective:

e To allow the possibility of analysis of serum markers of treatment response using
metabolomic and proteomic analysis on previously collected serum samples.

Study Design

This is an open label study in children with PFIC designed to evaluate the safety and
efficacy of LUMOO1. The study is divided into 5 parts: a 4-week dose escalation period, a
4-week stable dosing period at 140 pg/kg/day, a S-week stable dosing period at

280 ng/kg/day, a 59-week long-term exposure period, and an optional follow-up treatment
period for eligible subjects who choose to stay on treatment with LUMOO1. During this
optional follow-up treatment period, subjects may have their dose of LUMO0O01 increased to
a maximum of 560 pg/kg/day (280 pg/kg BID), based on ongoing efficacy (sBA level and
ItchRO score) and safety assessment. Subjects’ participation in the optional follow-up
treatment period will continue until the first of the following occurs: (i) subjects are eligible
to enter another LUMOO1 study or (ii)) LUMOOL1 is available commercially.

Number of
Subjects

Approximately 24 evaluable subjects will be enrolled in this study. Of the 24 subjects, a
minimum of 8 PFIC1 (ATP8B1-related disease) subjects will be enrolled in this study.

Study Population

Inclusion Criteria

To participate in this study subjects must meet the following criteria:
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1. Male or female subjects between the ages of 12 months and 18 years inclusive.
2. Diagnosis of PFIC based on:
a. Intrahepatic cholestasis manifest by total serum bile acid >3x upper limit of normal

(ULN) for age.
and, b or c:

b. Two documented mutant alleles in ATP8B1, or ABCB11.

c. Evidence of chronic liver disease, excluding those listed in (see Section 16.3), with
one or more of the following criteria:

1) Duration of biochemical or clinical abnormalities of >6 months, or
2) Pathologic evidence of progressive liver disease, or

3) Sibling of known individual affected by PFIC (predicted to be
chronic).

3. GGTP <100 IU/L at screening.

4. Females of childbearing potential must have a negative urine or serum pregnancy test
[B human chorionic gonadotropin (B-hCG)] during screening and a negative urine
pregnancy test at the baseline visit.

5. Males and females of child-bearing potential who are sexually active, or are not
currently sexually active during the study, but become sexually active during the
period of the study and 30 days following the last dose of study drug, must agree and
use acceptable contraception during the trial.

6. Informed consent and assent (per IRB/EC) as appropriate.
Access to phone for scheduled calls from study site.

8. Caregivers and children above the age of assent must have the ability to read and
understand one of the following languages: English, Spanish, US Spanish, French,
German or Polish.

9. Subjects expected to have a consistent caregiver(s) for the duration of the first
13 weeks of the study.

10. Caregivers (and age appropriate subjects) must be willing and able to use an eDiary
device as required by the study. To accommodate potential cultural restrictions within
the FIC1 affected population a paper version of the [tchRO diary will be made
available.

11. Caregivers (and age appropriate subjects) using the eDiary must digitally accept the
licensing agreement in the eDiary software at the outset of the study.

12. Caregivers (and age appropriate subjects) must complete at least 10 eDiary reports
(morning or evening) during each of two consecutive weeks of the screening period,
prior to assignment (maximum possible reports = 14 per week). Subjects using a paper
diary must complete the same number of reports within the same timeframe.

Exclusion Criteria

Subjects will be excluded from the study if they meet any of the following criteria:

1. Chronic diarrhea requiring specific intravenous fluid or nutritional intervention for the
diarrhea and/or its sequelae.

2. Surgical disruption of the enterohepatic circulation at the time of screening. Subjects
who have undergone reversal of a prior surgical procedure intended to disrupt
enterohepatic circulation and who have a permanently restored flow of bile acids from
the liver to the terminal ileum may be eligible for the study upon consultation with the
Medical Monitor.

3. Liver transplant.
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4. Decompensated cirrhosis [international normalized ratio (INR) > 1.5, albumin
<30 g/L, history or presence of clinically significant ascites, variceal hemorrhage,
and/or encephalopathy].

5. ALT >15 x ULN at screening.
History or presence of other liver disease (see Section 16.1).

7. History or presence of any other disease or condition known to interfere with the
absorption, distribution, metabolism or excretion of drugs, including bile salt
metabolism in the intestine (e.g., inflammatory bowel disease).

8. Liver mass on imaging.
9. Known diagnosis of human immunodeficiency virus (HIV) infection.

10. Cancers except for in situ carcinoma, or cancers treated at least 5 years prior to
screening with no evidence of recurrence.

11. Any female who is pregnant or lactating or who is planning to become pregnant within
20 weeks of assignment.

12. Any known history of alcohol or substance abuse.

13. Administration of bile acid or lipid binding resins within 30 days prior to
Baseline / Day 0 and throughout the trial.

14. Administration of sodium phenylbutyrate within 30 days prior to
Baseline / Day 0 and throughout the trial.

15. Investigational drug, biologic, or medical device within 30 days prior to screening, or 5
half-lives of the study agent, whichever is longer.

16. History of non-adherence to medical regimens, unreliability, mental instability or
incompetence that could compromise the validity of informed consent or lead to non-
adherence with the study protocol based on Investigator judgment.

17. Any other conditions or abnormalities which, in the opinion of the Investigator or
Medical Monitor, may compromise the safety of the subject, or interfere with the
subject participating in or completing the study.

Eligible Subjects for Optional Follow-up Treatment Period:
Inclusion Criteria

Subjects will be considered eligible for the Optional Follow-up Treatment Period if they
meet the following criteria:

1. The subject has either:

e completed the protocol through the Week 72 visit with no major safety
concerns, OR
e discontinued due to safety reasons judged unrelated to the study drug, and
blood tests have returned to levels acceptable for this patient
population/individual and subject does not meet any of the protocol’s
stopping rules at re-entry. The decision will be made by the Investigator
in consultation with the Medical Monitor. [Subjects who were
discontinued for other reasons will be considered on an individual basis. ]
2. Females of childbearing potential must have a negative urine or serum pregnancy
test (B-hCQ) at the time of entry into the optional follow-up treatment period.
3. Informed consent and assent (per IRB/EC) as appropriate.

Exclusion Criteria

Subjects will be excluded from the Optional Follow-up Treatment Period if they meet any
of the following criteria:

1. Surgical disruption of the enterohepatic circulation.

2. Investigational drug other than LUMOO1, biologic, or medical device within 30
days prior to re-entry, or 5 half-lives of the study agent, whichever is longer.
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Treatment This is an open label study. All subjects will receive LUMO0O01, up to 560 pg/kg/day (given
Groups as twice-daily doses of 280 pg/kg) or a maximum daily dose of 25 mg BID.

Study Drug Subjects will receive a grape-flavored solution containing LUMOO01. Each subject dose will
Dosage and be administered orally once a day (QD) or twice a day (BID) using the syringe provided.
Administration The first dose should be taken at least 30 minutes prior to the first meal of the day and the

second dose, where applicable, should be taken at least 30 minutes prior to dinner (main
evening meal). The doses will not be administered q12h in order to better cover the
luminal bile acid release associated with dinner and to minimize the risk of disturbing sleep
due to the potential for abdominal pain and diarrhea at night. It is recommended that the
dose should be taken at approximately the same time each day for the duration of the
treatment period.

QD Dosing Regimen

For QD dosing, the required dose will be delivered in 0.5 mL volume for subjects who
weigh less than 10 kg and in 1.0 mL for subjects who weigh 10 kg or more.

BID Dosing Regimen

For BID dosing, the required dose is delivered in half the dosing volume: 0.25 mL BID for
subjects who weigh less than 10 kg and 0.50 mL BID for subjects who weigh 10 kg or
more.

For subjects weighing less than 10 kg at study entry, once a weight of 10 kg is reached
while in the study, the subject will be moved from 0.5 mL total daily dosing volume (0.25
mL BID) to 1.0 mL total daily dosing volume (0.50 mL BID).

Study Drug Dosage
Baseline through Week 72:

Initially, the LUMOO1 dose will be increased weekly over a 4-week period (Dose Levels 1-
4). At the end of 4 weeks, subjects will continue dosing for another 4 weeks using the
Week 4 dose, or the highest tolerated dose below the Week 4 dose. For those subjects who
tolerated Dose Level 4, at the Week 8 visit the dose will be increased to Dose Level 5, and
subjects will continue dosing for another 5 weeks (i.e., through Week 13) using the Week 5
dose or the highest tolerated dose below the Week 5 dose. Beginning at Week 14, dosing
with LUMOO1 will continue at a fixed dose in a 59-week long-term exposure period.
During this period the dose may be adjusted if there is a change of >10% in weight since
the screening visit. At the investigator’s discretion and in consultation with the Medical
Monitor, subjects who were previously down-titrated may be re-challenged during the long-
term exposure period (Weeks 14 — Week 72).

For the first 72 weeks of the study, each subject will receive either 1.0 mL or 0.5 mL of
solution containing LUMOO01 orally as follows, administered as a daily morning dose:

Dose Level 1: 14 pg/kg/day.
Dose Level 2: 35 pg/kg/day.
Dose Level 3: 70 pg/kg/day.
Dose Level 4: 140 pg/kg/day.
Dose Level 5: 280 pg/kg/day.

At Week 72, all subjects will be assessed by the investigator to determine their willingness
and eligibility to roll-over into the optional follow-up treatment period.

Optional Follow-up Treatment Period (Post-Week 72):

Subjects eligible for the optional follow-up treatment period will continue treatment under
dosing scenarios based on whether their LUMO0O01 dosing will continue without interruption
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or interruption of <7 continuous days, or with interruption >7 days. Eligibility for BID
dosing will be determined based on efficacy as measured by sBA level and ItchRO score.

Subjects who enter the optional follow-up treatment period without LUMOO1 dosing
interruption or with an interruption of <7 continuous days will be dosed in the following
manner:

e  Subjects with normal sBA level AND ItchRO score <1.5 will be maintained at the
same dose level and will continue morning dosing only.

e Subjects with sBA level above normal AND/OR ItchRO score >1.5 will start BID
dosing (afternoon dose escalation; ADE) as follows:

—  The morning dose will be continued at the same dose level, but the volume
of the morning dose will be reduced by half at the same time that the
afternoon dose is initiated.

—  The afternoon dose will be initiated at half the maximum tolerated morning
dose and will continue at this dose for a period of 4 weeks. If this dose
level is tolerated, the afternoon dose then will be doubled, to a maximum
dose of 280 pg/kg (or up to the maximum tolerated dose).

—  The maximum daily dose will be 280 pg/kg BID, i.e. 560 pg/kg/day(max.

25 mg BID).

Subjects who enter the optional follow-up treatment period with a LUMO001 dosing
interruption of >7 days initially will receive morning dosing only and will undergo dose
escalation (DE) in the following manner:

e The morning dose will be initiated at Dose Level 2 (35 pg/kg) and doubled in
weekly intervals to a maximum dose of 280 pg/kg, or up to the maximum
tolerated dose.

e  Once the morning dose of 280 pg/kg or maximum tolerated dose is achieved, sBA
and ItchRO score will be evaluated.

e  Subjects with normal sSBA AND ItchRO score <1.5 after morning dose escalation
will be maintained at the same dose level and will continue morning dosing only.

e Subjects with sBA above normal AND/OR ItchRO score >1.5 will begin BID
dosing (afternoon dose escalation) as outlined above.

Subjects will continue to receive study drug until they are eligible to enter another LUMO001
study or until LUMOO1 is available commercially, whichever occurs first.

The maximum daily dose will be 280 pg/kg BID, i.e. 560 pg/kg/day (maximum 25 mg). If
a subject experiences intolerance (eg, gastrointestinal symptoms such as diarrhea,
abdominal pain, cramping) at any time during the study, the physician Investigator in
consultation with the Medical Monitor may lower the dose for the remainder of the study. If
the subject is on a BID dosing regimen, dose lowering should first be attempted with the
afternoon dose.

The sBA value used for determination of ADE eligibility will be the most recent available
value. The ItchRO score used for ADE eligibility will be derived from the most recent
2-week electronic diary collection period.

Rationale for
Dose and
Schedule
Selection

The dosage of LUMOO1 is based upon prior experience with this investigational product in
healthy volunteers and adult and pediatric subjects with hypercholesterolemia. In these
subjects, with normal bile flow and without liver disease, tolerability was limited above 10
mg daily by an increase in gastrointestinal (GI) adverse events (AEs). These signs and
symptoms are believed to be related to increased bile acid excretion and a concomitant
increase in the concentration of free bile acids in the lower colon. Patients with cholestatic
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liver disease have reduced bile flow compared to healthy volunteers and
hypercholesterolemic patients and LUMO0O01 is likely to produce a correspondingly smaller
increase in free bile acids in the lower colon. There is also evidence in patients with
cholestasis to suggest that ASBT expression may be upregulated and higher ASBTi
concentrations may be required to achieve the desired target inhibition.

Dosing in pediatric subjects will be based on subject weight. The appropriate efficacious
dose of LUMOOL1 for the lowering of bile acid concentrations and the reduction of pruritus
in cholestatic populations is not known. Earlier studies in healthy volunteers and
hypercholesterolemic patients demonstrated that doses of 10 mg to 20 mg daily (equivalent
to 140 pg/kg/day to 280 pg/kg/day for a 70 kg subject) led to a decrease in serum bile acids
by >50% following 2 weeks of treatment.

In previous studies with LUMO001, GI AEs were generally recorded in the first weeks of
LUMOO01 dosing and then observed at levels similar to those in the placebo group after 2 or
3 weeks of continuous dosing. In a 4-week dose finding study in healthy volunteers, a dose
escalation regimen was evaluated to mitigate the risk of loose stools, diarrhea and
abdominal pain/cramps. When the LUMO001 dose was increased after each 7-day dosing
period, to a maximum of 5 mg daily, the incidence of Gl-associated AEs in the LUMO001
treated arm was reduced to rates comparable to those reported in the placebo group.

To reduce the risk of loose stools, diarrhea and abdominal pain/cramps LUMO001 doses will
be escalated over a period of 4-8 weeks up to a maximum dose of 280 pg/kg BID (or
maximum tolerated dose). The morning dose is initiated and escalated first; the afternoon
dose is only initiated and escalated in patients with elevated sBA level and/or ItchRO >1.5
on the maximum (or maximum tolerated) morning dose.

This escalation regimen is supported by the safety profile observed in completed and
ongoing clinical studies of LUMOOI.

Twice daily dosing is used in this study based on the findings of a healthy volunteers study
in adult males (Study SHP625-101), which demonstrated that bile acid levels in feces
increase with escalating doses and twice-daily regimen of LUMOO1 (up to 100 mg QD and
50 mg BID). In this study, subjects who were randomized to LUMO0O1 treatment received 1
of 4 doses of LUMO0O01 (10, 20, 50, 100 mg) during 7 days. No titration was used in this
study. There was a dose-dependent increase in total fecal BA excretion. In addition, BID
dosing (i.e. 50 mg BID) led to a further increase in fecal BA excretion as compared to QD
dosing (i.e. 100 mg QD). It is therefore hypothesized that twice-daily dosing has the
potential to allow for more complete target engagement throughout the day at the level of
the distal ileum.

The higher dosing level is also supported by favorable results from a juvenile toxicity study
conducted in rats administered LUMOO1 for 43 days (PND21 through PND63). As
expected for a drug intentionally designed to be minimally absorbed, systemic LUMO001
exposure was very low and consistent with levels that were previously determined in
several oral gavage studies in adult rats. No adverse effects were observed on postnatal
growth and development of offspring at the highest doses tested (200 mg/kg/day in males,
1000 mg/kg/day in females). This study was initiated in juvenile animals at PND21, which
from a whole animal development perspective is typically representative of a 2-year old
child. However, given the fact that LUMOO1 is a minimally absorbed drug, of particular
importance is the age at which the GI tract is considered functionally mature. In humans
this is considered to have occurred by 12 months of age; likewise, postnatal maturation of
the GI tract in rats occurs during the first 3 weeks of life. Therefore, results from this study
can be used to support the dosing levels proposed here for children 12 months of age and
older.

During the long-term exposure period and the optional follow-up treatment period, the dose
may be adjusted to account for a change of >10% in weight since the screening visit (e.g.
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the amount of drug dosed may be increased to reflect the subject’s weight increase). The
dose may also be down-titrated, at the investigator’s discretion and in consultation with the
Medical Monitor, for subjects experiencing intolerance to a given dose. If the subject is on
a twice daily dosing regimen, dose reduction should first be attempted with the afternoon
dose. Subjects who were previously down-titrated may be re-challenged during the long-
term exposure period.
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Study Visit For an individual subject, the study participation period will consist of a screening period of
Schedule and up to 6 weeks, a 13-week treatment period (including a dose escalation period followed by
Procedures two stable dose periods), and a 59-week long-term exposure period. Subjects who

complete 72 weeks of treatment (Figure 1) may be eligible to receive further treatment
during the Optional Follow-up Treatment Period. Study activities will be conducted as
described in the Schedule of Procedures (Section 16.1).

Figure 1: Study Design for LUM001-501 (Up to and including Week 72)
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Screening Period (Day -42 to Day -1): After obtaining informed consent (and/or assent
when appropriate), demographic data (gender, age, and race) will be collected and subjects
will undergo a medical history and physical examination including body weight, height,
and vital signs, and determination of concomitant medications. Blood and urine samples
will be taken for clinical laboratory testing. An ultrasound will be performed to determine
if any mass can be seen in the liver. Note: A screening ultrasound is not required if the
results of an ultrasound completed within 6 months are available, provided that the clinical
status of the subject has not changed significantly since the time of the test. In the absence
of documented ATP8B1 or ABCB11 mutation prior to screening, genetic testing will be
performed (refer to Section 8.2). The appropriate genetic counseling will be provided to
subjects and their legal caregivers at a study visit following the receipt of results of genetic
testing. Results of genetic screen will not impact continued participation in the study, but
are done to provide complete and uniform characterization of the subjects’ liver disease.
The eDiary for assessing pruritus, as measured using an ItchRO instrument, will be
dispensed and subjects and caregivers will receive training during the screening visit. The
patient/caregiver ItchRO will be administered twice daily. The physician will also provide
an assessment of itch severity using the clinician administered scratch scale during
screening. Females who are of childbearing potential will have a serum or urine pregnancy
test. Enrollment will occur after eligibility criteria have been met, 4-7 days prior to the
baseline visit; this will not require a separate visit and will initiate preparation of study
drug.

Dose Escalation Treatment Period (Day 0 to Week 4): At the baseline visit (Day 0), study
eligibility will be confirmed and body weight, height, and vital signs will be evaluated and
recorded. Blood and urine samples will be taken for clinical laboratory testing, including

fasting lipid panel. Baseline levels of bile acids and other cholestasis biochemical markers




Mirum Pharmaceuticals, Inc. CONFIDENTIAL Page 65
LUMO001-501 Protocol Amendment 4.1 08 February 2019

will be determined from blood and urine; blood will also be collected for determination of
baseline fat-soluble vitamins and for a baseline PK sample. Compliance with the ItchRO
will be assessed. A clinician administered scratch scale will be determined and the Pediatric
Quality of Life Inventory (PedsQL) questionnaire, a measure of quality of life, will be
administered. Female subjects who are of childbearing potential will have a urine
pregnancy test prior to dispensing study drug. Study drug for Weeks 1 (Dose Level 1) and
2 (Dose Level 2) will be supplied at the baseline visit to eligible subjects. Caregivers and
age appropriate subjects will continue twice daily (morning and evening) completion of
their eDiary (ItchRO) throughout the dose escalation treatment period. Subjects will return
to the clinic at Weeks 2 and 4 and will receive a follow-up phone call at Weeks 1, 3 and 5.
On clinic visit days, safety and clinical laboratory evaluations will be performed. Clinician
scratch scale will be administered, adherence to study drug will be assessed. At the Week 2
visit study drug and additional dosing instructions for Weeks 3 (Dose Level 3) and 4 (Dose
Level 4) will be supplied. ItchRO compliance will be assessed and concomitant
medications and any AEs will be recorded at clinic visits and from phone calls.

140 pg/kg/day Stable Dosing Treatment Period (Week 5 to Week 8): Subjects will
continue to receive LUMO0O1 for another 4 weeks using Dose Level 4, or the highest
tolerated dose below Dose Level 4. Subjects and caregivers will continue daily completion
of their eDiary (ItchRO). Subjects will receive a follow-up phone call at Week 5 and return
to the clinic at Week 8. At the Week 8 clinic visit, safety and clinical laboratory
evaluations will be performed. Clinician scratch scale will be administered, and adherence
to study drug will be assessed. For those subjects who tolerated Dose Level 4, at the Week
8 visit the dose will be increased to Dose Level 5. Additional dosing instructions and study
drug will be supplied. ItchRO compliance will be assessed and concomitant medications
and any AEs will be recorded at clinic visits and from phone calls.

280 pg/kg/day Stable Dosing Treatment Period (Week 9 to Week 13): Subjects will
continue to receive LUMOO01 through Week 13 using Dose Level 5 or the highest tolerated
dose below this dose. Subjects and caregivers will continue daily completion of their
eDiary (ItchRO). Subjects will receive a follow-up phone call at Week 9 and return to the
clinic at Week 13. At this clinic visit, safety and clinical laboratory evaluations will be
performed. Clinician scratch scale will be administered, and adherence to study drug will
be assessed. The PedsQL, the Patient Impression of Change, the Caregiver Impression of
Change, and the Caregiver Global Therapeutic Benefit assessments will be administered.
The eDiary will be collected. Females who are of childbearing potential will have a urine
pregnancy test at Week 13. ItchRO compliance will be assessed and concomitant
medications and any AEs will be recorded at clinic visits and from phone calls. Additional
dosing instructions and study drug will be supplied for the next phase of the study.

Long-Term Exposure Period (Week 14 to Week 72): Subjects will continue to receive
study drug for an additional 59 weeks according to the dose achieved during the stable
dosing treatment period. However, if a subject experiences intolerance due to
gastrointestinal symptoms, the investigator in consultation with the Medical Monitor may
lower the dose to a previously tolerated dose. At the Investigator’s discretion and in
consultation with the Medical Monitor, subjects who were previously down titrated may be
re-challenged during the long-term exposure period.

During the long-term exposure period, subjects will return to the clinic at Weeks 24, 36, 44,
48, 60 and 72. With the exception of the Week 44 visit, safety and clinical laboratory
evaluations and a physical exam (including collection of vital signs, height and weight
measurements) will be completed at each clinic visit. In addition, the clinician scratch scale
will be administered and study drug compliance will be assessed. The PedsQL will be
completed at Weeks 24, 48 and 72. The Patient and Caregiver Impression of Change (PIC
& CIC), and the Caregiver Global Therapeutic Benefit assessments will be completed at
Weeks 48 and 72. At the Week 24 and Week 44 visits, electronic diaries will be issued and
AEs and concomitant medications will be assessed and recorded. Subjects/caregivers will
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receive follow-up phone calls at Weeks 16, 20, 28, 32 and 40. Concomitant medications
and any AEs will be evaluated and recorded at all clinic visits and at scheduled telephone
contacts.

Twice daily completion of the electronic diary will be required by caregivers and age
appropriate subjects during the 4 weeks that follow the Week 24 and Week 44 clinic visits.
Electronic diaries will be provided to subjects and caregivers at Weeks 24 and 44, and re-
training on the use of the diary will occur, as appropriate, at these 2 visits.

At the physician investigator’s discretion, withdrawal of concomitant medications used for
the treatment of pruritus may occur during the long-term exposure period.

With the exception of the Week 44 visit, additional study drug will be supplied at each
clinic visit during the long-term exposure dosing period.

Week 72: Subjects will be evaluated by the investigator to determine whether they are
eligible to roll over into the optional follow-up treatment period. Eligible subjects must
have documented consents in order to continue in the optional follow-up treatment period.

A physical exam (including collection of vital signs, height and weight measurements) will
be performed. Blood and urine samples will be taken for clinical laboratory testing,
including a fasting lipid panel and determination of fat-soluble vitamins, bile acids and
other cholestasis biochemical markers. Blood will also be collected for study drug
determination. The clinician scratch scale and PedsQL will be administered. Females who
are of childbearing potential will have a urine pregnancy test, and concomitant medications
and any AEs will be recorded. Study drug compliance will also be assessed and all used
and unused study drug and study supplies will be collected. Study drug will be discontinued
at this visit if the subject chooses not to participate in the optional follow-up treatment
period.

Subjects will be encouraged to complete all study activities and visits. Any subject who
withdraws from the study prior to completion of all treatment period clinic visits should
undergo the procedures specified for the Week 72 visit. For safety reasons, efforts must be
made to follow subjects for at least 30 days following their last dose of study drug.

Follow-up Phone Call: For subjects who do not roll over into the optional follow-up
treatment period, a safety follow-up phone call will be made 30 days after the last dose of
study drug. This call will be made for all subjects who complete the study, as well as any
subject who terminates from the study early. Concomitant medications and any AEs noted
during this phone call will be recorded.

Optional Follow-up Treatment Period (post-Week 72):

Subjects who are eligible to enter to the follow-up treatment period will continue to receive
study drug after Week 72 until the first of the following occurs: (i) the subjects are eligible
to enter another LUMOO01 study or (ii) LUMOOL1 is available commercially. Included below
are schematics describing the flow of study visits within the optional follow-up treatment
period.

Figure 2: Optional Follow-up Treatment Period (<7 days from last LUMO001 dose
between Protocol Amendment 2 and Amendment 3)
Applies to the following subject population:

e  Subjects who experienced no interruption in LUMO001 dosing, or interruption
<7 days between Protocol Amendment 2 and Protocol Amendment 3.
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Subjects who are eligible to roll over into the follow-up treatment period with no LUMO001
dosing interruption or an interruption of <7 days will initially receive study drug at the dose
they were receiving at Week 72. Once Protocol Amendment 4 is implemented at the site, a
determination about Afternoon Dose Escalation (ADE) will be made. The subject then
will move to Figure S or 6, depending on whether they meet criteria for initiating
Afternoon Dose Escalation.

Figure 3: Optional Follow-up Treatment (>7 days from last LUMO001 dose between
Protocol Amendment 2 and Protocol Amendment 3)
Applies to the following subject population:

e Subjects who experienced an interruption in LUMO001 dosing >7 days between
Protocol Amendment 2 and Protocol Amendment 3.
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Subjects with >7 days since last dose of LUMO001 (Figure 3) will be dose escalated up to
280 pg/kg/day or to the maximum tolerated dose starting at Dose Level 2 (35 ng/kg/day).
This escalation regimen is supported by the safety profile observed in completed and
ongoing clinical studies of LUMO001 and allows for subjects to reach 280 pg/kg/day or a
maximum tolerated dose within a 4-week period. The dose escalation (DE) period will
proceed as follows:
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e DE Week -2 Clinic Visit: obtain consent, obtain weight and draw labs.

e DE Day 0 Clinic Visit: Investigator evaluates laboratory results, study drug is
dispensed and subject begins at 35 pg/kg/day dose level.

o DE Week 73 Telephone Contact: subject escalates to 70 pg/kg/day dose level if
prior dose level was tolerated.

o DE Week 74 Clinic Visit: subject escalates to 140 ug/kg/day dose level if prior
dose level was tolerated.

o DE Week 75 Telephone Contact: subject escalates to 280 pg/kg/day dose, if prior
dose level was tolerated.

e DE Week 76 Clinic Visit: subject continues in Follow-up Treatment Period at 280
pg/kg/day, or maximum tolerated dose.

Once Protocol Amendment 4 is implemented at the site, a determination about Afternoon
Dose Escalation (ADE) will be made. The subject then will move to Figure 5 or 6,
depending on whether they meet criteria for initiating Afternoon Dose Escalation.

Figure 4: Optional Follow-up Treatment (>7 days from last LUMO001 dose between
Protocol Amendment 3 and Protocol Amendment 4)
Applies to the following subject population:

e Subjects who experienced an interruption in LUMO001 dosing >7 days between
Protocol Amendment 3 and Protocol Amendment 4.
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Subjects with >7 days since last dose of LUMO001 prior to site implementation of Protocol
Amendment 4 will be dose escalated up to 280 pg/kg/day or to the highest tolerated dose
starting at Dose Level 2 (35 pg/kg/day).

The dose escalation (DE) period will proceed as follows:

e  Protocol Amendment 4 DE Week -2 Clinic Visit: obtain consent for Protocol
Amendment 4, obtain weight and draw labs.

e Protocol Amendment 4 DE Day 0 Clinic Visit: Investigator evaluates laboratory
results, study drug is dispensed and subject begins at 35 pg/kg/day dose level.

e  Protocol Amendment 4 DE Week | Telephone Contact: subject escalates to 70
ug/kg/day dose level if prior dose level was tolerated.
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e Protocol Amendment 4 DE Week 2 Clinic Visit: subject escalates to 140
ng/kg/day dose level if prior dose level was tolerated.

e  Protocol Amendment 4 DE Week 3 Telephone Contact: subject escalates to 280
ug/kg/day dose, if prior dose level was tolerated.
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e  Protocol Amendment 4 DE Week 4 Clinic Visit: subject continues in follow-up
treatment period at 280 pg/kg/day, or maximum tolerated dose.

e At Protocol Amendment 4 DE Week 8 Telephone Contact: eligibility for ADE
will be assessed. The subject then will move to Figure 5 or 6, depending on
whether they meet criteria for initiating Afternoon Dose Escalation.

Figure S: Optional Follow-up Treatment under Protocol Amendment 4, without
Afternoon Dose Escalation (ADE)
Applies to the following subject population:

e  Subjects deemed ineligible for ADE.
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Subjects Deemed Ineligible for ADE:

Subjects with normal sBA level AND ItchRO score <1.5 will be deemed ineligible for
ADE; such patients will be maintained at the same dose level and will continue morning
dosing only. Subjects will have study activities then repeated in recurring 12-week periods
as follows, until study completion or termination:

e Recurring Period Week 4 (i.e., beginning Week 88 or 4 weeks after consent to
Protocol Amendment 4) Telephone Contact: Collection of concomitant
medications and any adverse events.

e Recurring Period Week 8 Telephone Contact: Collection of concomitant
medications and any adverse events.

e Recurring Period Week 12 Clinic Visit: Physical exam, body weight and height,
vital signs, and blood samples for clinical laboratory testing, including fasting
lipid panel. Blood will also be collected for determination of fat-soluble vitamins.
Urine samples for clinical laboratory testing will be collected at every visit.
ItchRO compliance will be assessed, the electronic diary will be issued, the
clinician scratch scale will be administered, and the PedsQL questionnaire will be
administered. Additionally, a palatability questionnaire will be completed.
Female subjects who are of childbearing potential will have a urine pregnancy test
prior to dispensing study drug. Study drug compliance will be assessed and study
drug will be dispensed upon completion of other study procedures.

Figure 6: Optional Follow-up Treatment under Protocol Amendment 4, with
Afternoon Dose Escalation (ADE)




Mirum Pharmaceuticals, Inc.

LUMO001-501 Protocol Amendment 4.1

CONFIDENTIAL Page 71

08 February 2019

Applies to the following subject population:
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Subjects whose sBA levels have not normalized and/or whose ItchRO score is
>1.5 and therefore qualify for introduction of afternoon dosing.
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Subjects deemed eligible for ADE, i.e., who have sBA level above normal AND/OR
ItchRO score >1.5, will begin BID dosing (afternoon dose escalation; ADE) as follows:

The following procedures will occur during the ADE period:
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Of note: Morning dosing of 280 pg/kg/day or MTD must
be stable for >4 weeks prior to initiation of ADE.

On ADE Day 0, morning dosing will continue at 280 pg/kg or the maximum
tolerated dose; however, the volume of the morning dose will be reduced by
half Dosing must have been stable for >4 weeks prior to initiation of ADE.
On ADE Day 0, the afternoon dose will be initiated at half the maximum
tolerated morning dose and will continue at this dose level for a period of

4 weeks. If this dose level is tolerated, the afternoon dose then will be doubled
(i.e., at ADE Week 4) to a maximum dose of 280 pg/kg (i.e., up to a maximum
560 pg/kg/day or maximum tolerated dose).

ADE Day 0 Clinic Visit: Physical exam, body weight and height, vital signs,
and blood and urine samples for clinical laboratory testing, including fasting
lipid panel. Blood will also be collected for determination of fat-soluble
vitamins. Plasma sample will be obtained for LUMO001 PK. The clinician
scratch scale and the PedsQL questionnaire will be administered. Female
subjects who are of childbearing potential will have a urine pregnancy test prior
to dispensing study drug. Study drug compliance will be assessed and study
drug will be dispensed upon completion of other study procedures. Concomitant
medications and any adverse events will be collected.

ADE Week 1 and Week 2 Telephone Contact: Collection of concomitant
medications and any adverse events. Subject/caregiver will be reminded of
dosing instructions.

ADE Week 4 Clinic Visit: Physical exam, body weight and height, vital signs,
and blood and urine samples for clinical laboratory testing, including fasting
lipid panel. Blood will also be collected for determination of fat-soluble
vitamins. Plasma sample will be obtained for LUMO001 PK. The clinician
scratch scale and the PedsQL questionnaire will be administered. Female
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subjects who are of childbearing potential will have a urine pregnancy test prior
to dispensing study drug. Study drug compliance will be assessed and study
drug will be dispensed upon completion of other study procedures. Concomitant
medications and any adverse events will be collected.

e ADE Week 5 and Week 6 Telephone Contact: Collection of concomitant
medications and any adverse events. Subject/caregiver will be reminded of
dosing instructions.

e ADE Week 8 Clinic Visit: Physical exam, body weight and height, vital signs,
and blood and urine samples for clinical laboratory testing, including fasting
lipid panel. Blood will also be collected for determination of fat-soluble
vitamins. Plasma sample will be obtained for LUMO001 PK. The clinician
scratch scale and the PedsQL questionnaire will be administered. Female
subjects who are of childbearing potential will have a urine pregnancy test prior
to dispensing study drug. Study drug compliance will be assessed and study
drug will be dispensed upon completion of other study procedures. Concomitant
medications and any adverse events will be collected.

Thereafter, subjects will have study activities repeated in recurring 12-week periods as
described within Figure 5, until study completion or termination.

If any subject experiences intolerance, the Investigator, in consultation with the Medical
Monitor, may lower the dose at any time during the entire follow-up treatment period. If the
subject is on a twice daily dosing regimen, dose lowering should first be attempted with the
afternoon dose.
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At the Investigator’s discretion and in consultation with the Medical Monitor, subjects who
were previously down titrated may be re-challenged during the follow-up treatment period.
During the follow-up treatment period, subjects will return to the clinic every 3 months.

Safety and clinical laboratory evaluations and a physical exam (including collection of vital
signs, height and weight measurements) will be completed at each clinic visit. In addition,
the clinician scratch scale will be administered and study drug compliance will be assessed.
The PedsQL will be administered at DE Day 0 (for subjects requiring dose escalation) and
at Weeks 84, 96, 108, 120, every clinic visit within each recurring 12-week period, and at
the EOT visit. Additionally, it will be collected at Protocol Amendment 4 DE Day 0, ADE
Day 0, ADE Week 4, and ADE Week 8. The Patient and Caregiver Impression of Change
(PIC & CIC), and the Caregiver Global Therapeutic Benefit assessments will be completed
at Weeks 108, 120, and the EOT visit. Subjects/caregivers will receive follow-up phone
calls at Weeks 80, 88, 92, 100, 104, 112, and 116, and twice within each recurring 12-week
period, and every 3 months hence for the subsequent visits. Concomitant medications and
any AEs will be evaluated and recorded at all clinic visits and at scheduled telephone
contacts.

Twice daily completion of the electronic diary will be required by caregivers and age
appropriate subjects during the 2 weeks following the Week 84, 96, 108, and 120 clinic
visits, at Protocol Amendment 4 DE Week 4, and every clinic visit within each recurring
12-week period. Electronic diaries will be provided to subjects and caregivers at these
visits and re-training on the use of the diary will occur, as appropriate.

At the physician investigator’s discretion, withdrawal of concomitant medications used for
the treatment of pruritus may occur during the long-term exposure period.

With the exception of the EOT visit, additional study drug will be supplied at each clinic visit
during the follow-up treatment period. Used and unused study drug will be collected at every
visit.

Subjects will be encouraged to complete all study activities and visits. Any subject who
withdraws from the study prior to completion of all treatment period clinic visits should
undergo the following assessments as outlined for the End of Treatment/Early Termination
visit: Physical exam, body weight and height, vital signs, and blood and urine samples for
clinical laboratory testing, including fasting lipid panel. Blood will also be collected for
determination of fat-soluble vitamins and AFP. Female subjects who are of childbearing
potential will have a urine pregnancy test. Study drug compliance will be assessed.
Concomitant medications and adverse events will be collected. The ItchRO, the clinician
administered pruritus scale, the PedsQL, the Patient Impression of Change, the Caregiver
Impression of Change, and the Caregiver Global Therapeutic Benefit assessments, and
palatability questionnaire also will be completed.

At completion of the Follow-up Treatment Period or early discontinuation: a safety follow-
up phone call will be made 30 days after the last dose of study drug. This call will be made
for all subjects who complete the study, as well as any subject who terminates from the
study early. Concomitant medications and adverse events noted during this phone call will
be recorded.

Safety and
Tolerability
Evaluations

The safety and tolerability of LUMO001 will be assessed by determining the incidence,
relationship to study drug, and severity of treatment-emergent AEs, withdrawals due to
AEs, and changes in vital signs, laboratory and other safety parameters.

A Data Safety Monitoring Board (DSMB) will review serious AE data, other key subject
safety and study data at specified intervals for the duration of the study.




Mirum Pharmaceuticals, Inc. CONFIDENTIAL Page 74
LUMO001-501 Protocol Amendment 4.1 08 February 2019

Drug Level
Evaluations

United States: At sites in the United States, plasma levels of LUMO0O01 will be evaluated at
Baseline / Day 0 and Weeks 2, 4, 8, 13, 24, 36, 48, 60 and 72. At Week 4, blood will be
drawn approximately 2 hours post-dosing for drug level analysis. At all other blood draws,
blood will be drawn approximately 4 hours post morning dosing for drug level analysis.
Additionally, for subjects in which afternoon dose escalation is initiated, samples will also
be drawn at ADE Day 0, ADE Week 4, ADE Week 8, and at the three scheduled clinic
visits following completion of the ADE period.

United Kingdom, Europe and Australia: At sites in the United Kingdom, Europe and
Australia, plasma levels of LUMO001 will be evaluated at Baseline / Day 0 and Weeks 4, 13,
24,36, 48, 60 and 72. Blood will be drawn approximately 4 hours post-morning dosing for
drug level analysis. Additionally, for subjects in which afternoon dose escalation is
initiated, samples will also be drawn at ADE Day 0, ADE Week 4, ADE Week 8, and at the
three scheduled clinic visits following completion of the ADE period.

Safety
Evaluations

The following assessments will be used to evaluate safety:
e Adverse events (AEs) and serious adverse events (SAEs).

e  Clinical laboratory results, including alpha-fetoprotein (AFP) as a screening for
hepatocellular carcinoma.

e  Vital signs.
e  Physical exam findings, including body weight and height.

e Concomitant medication usage.

Efficacy
Evaluations

The main focus for the analyses of efficacy is the period from Baseline (Day 0) to Week 13.
The period from Baseline (Day 0) to EOT will be analyzed.

Primary efficacy endpoint:

e Fasting serum bile acid level change from Baseline (Day 0) to Week 13.

Secondary efficacy endpoints:

e  Alanine aminotransferase (ALT) and bilirubin (total and direct) change from
Baseline (Day 0) to Week 13.

e  Pruritus as measured by ItchRO (Observer ItchRO/patient ItchRO) change from
Baseline (Day 0) to Week 13. (For each subject, the average daily score will be
calculated using the 7 days pre-treatment for Baseline / Day 0, and the last 7 days
of treatment for Week 13.)

Exploratory efficacy endpoints:

e  Change from Baseline (Day 0) in fasting serum bile acid level at Weeks 4, 8, 24,
36,48 60, 72, 84, 96, 108, 120, every three months thereafter, and at the End of
Treatment (EOT) visit.

e  Change from Baseline (Day 0) in pruritus as measured by the average daily
ItchRO (Observer ItchRO/patient ItchRO) at Weeks 4, 8, 28, 48, 86, 98, 110, 122,
and every three months thereafter.

e Change from Baseline (Day 0) for ALT, and bilirubin (total and direct) at Weeks
4,8, 24, 36, 48, 60, 72, 84, 96, 108, 120, every three months thereafter, and at the
EOT visit.

e Change from Baseline (Day 0) for other biochemical markers of cholestasis [total
cholesterol, low-density lipoprotein cholesterol (LDL-C)] at Weeks 4, 8, 13, 24,
36, 48, 60, 72, 84, 96, 108, 120, every three months thereafter, and at the EOT
visit.

e Responder analysis: pruritus response rates as measured by ItchRO (Observer
ItchRO/patient ItchRO) at Weeks 4, 8, 13, 28, 48, 86, 98, 110, 122, and every
three months thereafter, up to but not including the EOT visit.
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e  Change from Baseline (Day 0) in the Clinician Scratch Scale, at Weeks 2, 4, §, 13,
24, 36, 48, 60, 72, 84, 96, 108, 120, every three months thereafter, and at the EOT
visit.

e Change from Baseline (Day 0) in bile acid synthesis [serum 7a-hydroxy-4-
cholesten-3-one (70C4)] at Weeks 4, 8, 13, 24, 36, 48, 60, 72, 84, 96, 108, 120,
every three months thereafter, and at the EOT visit.

e Change from Baseline (Day 0) for PedsQL at Weeks 13, 24, 48, 72, 84, 96, 108,
120, every three months thereafter, and at the EOT visit.

e Patient Impression of Change (PIC) at Weeks 13, 48, 72, 108, 120, and the EOT
visit.

e  Caregiver Impression of Change (CIC) at Weeks 13, 48, 72, 108, 120, and the
EOT visit.

e Caregiver Global Therapeutic Benefit (CGTB) assessment at Weeks 13, 48, 72,
108, 120, and at the EOT visit.

e Change from Baseline (Day 0) for other biochemical markers [autotaxin and
lysophosphatidic acid (LPA)] at Weeks 4, 8, 13, 36, 48, 60, 72, 84, 96, 108, 120,
every three months thereafter, and at the EOT visit.

® (Change from Baseline (Day 0) for measures of bile acid synthesis (FGF-19 and
FGF-21) at Weeks 4, 8, 13, 36, 48, 60, 72, 84, 96, 108, 120, every three months
thereafter, and at the EOT visit.

Additional evaluations of safety and efficacy surrogates will be specified in the Statistical
Analysis Plan.

For subjects entering the optional follow-up treatment period with >7 days since last dose
of LUMOO01, any of the above evaluations may also occur at clinic visits during the DE
period.

Interim Analyses

The following interim analyses are planned. The first interim analysis of key safety and
efficacy parameters will be performed after the first 12 subjects who meet the Per Protocol
population definition have completed the Week 13 study visit. This analysis will provide
initial information about the activity of LUMO0O1 in the study population. A second interim
analysis will be performed after all enrolled subjects have completed the Week 48 (or Early
Termination) study visit. This analysis will provide an assessment of the long-term safety
and efficacy of LUMOO1. A third interim analysis will be performed after all enrolled
subjects have completed at least 6 months of treatment under Protocol Amendment 4 (or
the Early Termination visit). This analysis will provide an assessment of the long-term
safety and efficacy of LUMO0O01. Subsequent interim analyses will be performed in yearly
intervals.

Exploratory
Genetic Analyses

To better understand the role of genetics in treatment response, an additional blood sample
will be taken for exome sequencing. The data analysis will focus initially on genetic
variation in candidate genes that may have a role in treatment response, such as
ASBT/SLC10A2 and genes in its pathway (ie upstream or downstream of
ASBT/SLC10A2) and genes implicated in PFIC (ATP8B1, ABCB11 and ABCB4) with the
goal of identifying genetic variation that may discriminate treatment responders from non-
responders. Following examination of candidate genes, the data analysis may be expanded
to evaluate genetic variation in additional regions of the exome. This genetic analysis is
more comprehensive and may provide valuable information beyond the ATP8B1 and
ABCBI1 genes. The submission of this blood sample is voluntary. The results of this
analysis may identify relevant genetic variants, only some of which will be of known
clinical benefit.

Exploratory
Responder
Analyses —

As part of a comprehensive approach to identify serum markers in PFIC patients that
respond well to treatment, previously collected serum samples will be analyzed using both
metabolomic and proteomic biomarker discovery approaches. Metabolomics addresses the
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Metabolomic and
Proteomic
Investigations

activity of small molecules (<10 kDa) produced by active and living cells during their life
cycle. These molecules are not accessible by genomic, transcriptomic or proteomic
approaches. Metabolomics monitors the chemical transformations in metabolic cascades
and can be used to identify observable differences between patient populations. A targeted
mass spectrometry proteomic approach will allow for the identification and quantitation of
greater than 150 unique proteins in each serum sample. Serum samples from both
responding and non-responding patients will be analyzed in both biomarker discovery
platforms and the data will be evaluated for potential markers that can significantly
delineate responders from non-responders.

Palatability Data

Palatability data will be collected at each clinic visit in the follow up treatment period, with
the exception of the DE and ADE visits. A palatability questionnaire will be completed by
the subject and/or caregiver (dependent on age).

Statistical
Considerations

Sample Size

PFIC is a very rare disease. The planned sample size of approximately 24 evaluable
subjects was based on practical considerations, rather than on statistical considerations and
desired power for a pre-specified difference.

Statistical Analysis Plan

A statistical analysis plan (SAP) will be written for the study that contains detailed
descriptions of the analyses to be performed.

Safety

All safety analyses will be performed on the Safety Population, defined as all subjects who
were assigned and received at least one dose of the study drug. Subjects will be analyzed
by the treatment received.

Safety measures including AEs, clinical laboratory tests, vital signs, physical exams, and
concomitant medication usage will be summarized descriptively by study phase (Weeks 0-
13, 14-48, 49-72, 73-124) and over the entire study duration (Weeks 0-72, 0-EOT Visit).
For quantitative variables, descriptive statistics including number of observations, mean,
median, standard deviation, minimum, and maximum will be given for the values
themselves as well as for change from Baseline (Day 0) at each study visit. Qualitative
variables will be summarized using counts and percentages at each study visit.

Drug Level Analysis

Plasma concentrations of LUMO0O01 will be examined descriptively by visit.

Efficacy

The main population for efficacy will be the modified intention-to-treat population (MITT),
defined as all subjects assigned, receiving at least one dose of treatment, and having at least
one post-baseline efficacy assessment. Subjects will be analyzed by assigned treatment.

The Per Protocol population (PP) will consist of all subjects in the